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cjnent life (mental as "well as bodily) of eacli individual^ 
witb. bis course of action in tlie "world, as a necessary 
■consequence or resultant of tiiese conditions — as sfrictly 
•determined by Ms inherited and acquired organisation, and 
by the external circumstances •which act upon it? 

We must now oonsider what we understand by Mam I 
do not mean Man according to the zoologist’s definition — 
a Vertebrate animal, belonging to the class MamiYudicc^ 
order Bimana, genus and species Homo sapiens ; but Man 
as he is familiarly known to us, and as we have to regard 
him in our present inquiry — the bodily man and the mental 
masi. We cannot help separating these two existences in 
thought, although my own course of study has been directed 
to the investigation of the nature of their relation. The 
metaphysician considers man simply in his mental aspect; 
but he cannot help dealing -with the organs of sensation, 
■and^the mode in which man acquires his knowledge of the 
external world through those organs; nor can he help 
dealing with the subject of voluntary action, and with the 
movements which express mental emotions. The physio- 
logist, on the other hand, looks simply at the body of man; 
and yet he cannot help dealing with the physiological con- 
ditions of mental activity — the way in which we become 
conscious of the impressions made upon the organs of sense, 
and^the mode in which the mind acts upon the muscular 
apparatus. A little consideration will shew that we may 
justly regard the body of man as the instrument by which 
his mind comes into relation with the external world. We 
all know that “I” means something distinct from the 
axbemal world; and it is found convenient to call that 
personality by the Latin term Bgo. This Ego — which 
feels, thinks, reasons, judges, and determines — receives 
all its impressions of the external world through the 
instrumentality of the body. Again, all the action of 
the Ego upon the external world — including in that term 
the minds of other men — is exerted through the instru- 
mentality of the body. What am I doing at the present 
time? — endeavouring to excite in your minds certain ideas 
which are passing through my own. How do I do so? — by 
means of my organs of speech, which are regulated by 
my nervous system; that apparatus being the instrument 
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throngL. -wliicli my mind expresses my ideas in spoken 
langn^e. The sounds I utter, transmitted to you by 
vibratfons of the air falling upon your ears, excite in the 
nerves with which those organs are supplied certain changes 
which are propagated through them to the sensorium, that 
wonderful organ through the medium of which a certain 
state of consciousness is aroused in your minds ; and my aim 
is, by the use of appropriate words, to suggest to your minds 
the ideas I desire to implant in them. 

Such is the aspect under which I would have you con- 
sider Man’s body this evening. I do not say it is the only 
aspect : but it best suits our present discussion to consider 
tbe body as the instrument by which the mind of each 
individual is made conscious of what is taking place 
around him, and by which he is able to act iipon the ex- 
ternal world; thus becoming the instrument of communi- 
cation between one mind and another. To illustrate T^at 
I would have you keep before you strongly — that the Mind 
is the essential Ego— I will ask your attention to one or 
two facts of very familiar experience. It must have hap- 
pened to most of you to have formed impressions of other 
individuals without any knowledge of their bodily appear- 
ance. We do not know them in the £esh at all, but we 
know them intimately, or think we do, in the spirit. I 
remember, in the year 1851, the year of the first great 
Exhibition, being told that a number of the Telegraph 
establishments in the country having given their clerks a 
free ticket to London, to ' enable them to go tip and see 
the world’s fair — as it was called — in Hyde Park, almost 
every clerk on first coming to Town, before going to the 
great Exhibition, went down to the telegraph office in the 
city to fraternise with his chnm. Yon probably know that 
telegraph clerks very soon find out who is at the other 
end.” Several clerks occasionally work a particular instru- 
ment, and each comes to know in half a dozen signals who 
has gone on.” They recognise the style of telegraphing, 
just as yon would recognise the handwriting of a friend. 
After a little there is some one whom each comes to like 
better than others ; A communicates individually with B, 
and B with A ; and beginning witli the exchange of little 
friendly messages at odd times, intimacies, I have been 
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assured, of tlie most fraternal kind, frequently spring up 
between those who have never seen each other. I daresay, 
now that young ladies are employed in telegraphii^ — and 
a most fitting employment it is for them — some more 
tender relations may spring up in the Same manner. 

Take again another illustration — the way in which our 
sympathies are aroused with an author, when we come to 
know his mind as presented in his writings. A great many 
of you felt when Dickens died, as if you had lost a personal 
friend — one with whose mind your own had grown into 
close relation, whose thoughts had exercised a most valu- 
able influence on yours, and whom you felt to be nearer 
to you th^ many so-called friends. 

Let me give you an instance from my own experience. 
I have been for some years a great admirer of an American 
writer, whose books I have read with the deepest interest, 
because I found in these books expressions of some of my 
own best thoughts, a great deal better put forth than I 
could put them forth myself — the products of a similar, 
course of scientific inquiry, worked out with the aid of 
great poetic insight and a great fund of human sympathy, 
— a large human capacity altogether. In his writings I 
have^felt as if I had one of my nearest and truest friends. 
Circumstances lately drew forth a letter from him’ to myself, 
in wliich he did me the honour to say that I had been his 
teacher in science ; but I felt he was completely my master 
in everjdhing that gives the best expression to scientific 
thoughts. Now if I were to go to America, the first man 
with whom I should seek to make acquaintance, with the cer- 
tainty that we should meet as old personal friends, is Oliver 
Wendel Holmes. — I do not speak of Halph Waldo Emer- 
son, because we have long been personal friends. In the 
preface to a book I have lately received from him, he sums 
up all I have been now saying in these pregnant words — 

Thoughts rule the world.” 

Thus it is the mind that reciprocates the mind, much 
more than the body reciprocates the body. The body is 
the symbol of the mind, just as spoken or written words 
are symbols of ideas ; and when we think of a friend whom 
we know personally, we combine with the conception of 
his personality our whole knowledge and conception of his 
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character. Whcii you say^ I met my friend so and so in 
the street,” you do not mean you met simply Ms body, but 
that y(ju met the man — the whole man. But when you 
say that you know a man by sight” only, you mean that 
you know hie outside body and nothing more. 

In considering the body as the instrument of the mind, 

I shall shew you, first, the large amount of automatism in 
the human body, as to which I want you to have clear 
ideas. I do not wish, for any purpose whatever, to lead 
you away from this truth. I wish that you should be in the 
position yourselves to appreciate facts, so as not to be led 
away by one-sided statements. I desire particularly that 
my statements should not be one-sided; and so far as time 
will allow, I will place before you the whole of the most 
important considerations relating to this subject. 

Wo must separate our body into two parts; and shall 
first consider the part that is most important as the instrii- 
inent of our mind — that wliich physiologists call the wp-pa- 
rcctiLS of animal life. This takes in the nervous system — 
the recipient of impressions made by the external world 
upon our organs of sense, the insti'ument through wliich 
tlieae impressions are enabled to afiect our conscious minds, 
and conversely tbe modium through which our minds ex- 
]jres3 themselves in action on our bodies. Then, again, 
there is the muscular apparatus, wliich is called into action 
through tho nervous system, and the fiumework of bones 
and joints by wliicli this muscular apparatus gives move- 
ment to the several parts of the body. 

But this apparatus of animal life” cannot bo maintained 
in its integrity, and cannot perform tlie actions wliich it is 
adapted to execute, without certain conditions. It must he 
maintained by nutrition, because it is always wearing and 
wasting by its very action, and is in constant need of 
repair ; and tlie material for this repair must be supplied 
by the blood-cii'culation. Again, the power it puts forth is 
dependent upon tho operation of oxygen on the material of 
its tissues or of the blood which circulates through them; 
and this is as essential a condition os tho pressure of water 
is upon the bellows of the organ. 

Then the circulation of the blood involves the prepai’a- 
tion of tho blood from food, and its exposure to the atmo- 
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sphere in the lungs, so as to get rid of the carbonic 
acid which is the product of the chemical change that 
generates nervo-musciilar energy, and may take in% fresh 
supply of oxygen ; and hence there is required an apparatm 
of organic life. This apparatus consists of all the organs 
which take in the food, which digest it, prepai*e it, and 
convert ifc into blood, those which circulate the blood, and 
also those which subject the blood to the influence of the 
air. The working of this apparatus in man inv61ves the 
acfcion of certain nerves and muscles; though it is not so with 
many of the lower animals, which are provided with a much 
simpler mechanism. In the case of man we have the need 
of muscles to take in and swallow the food, and of muscles 
to move the coats of the stomach in the process of its 
digestion; and we require a powerful muscle — the heart 
— to circulate the blood through the body by the alternate 
coati-action of its several chambers ; while powerful muscles 
of respiration alternately fill and empty the lungs. 

hTow, the first point I would lay stress upon is, that 
all these actions are essentially and originally automatic. 
When I say originally, I mean from the very beginning — , 
from the moment when the child comes into the world, or 
even before. We know that the frrst thing the, new-born 
infant does is to draw a long breath ; and from that time 
breathing never ceases, — the cessation of breathing being 
the cessation of life. The heart’s action has been going 
on for months before birth; and its entire suspension for 
a very short time, whether before or after birth, would 
bring the whole vital activity of the body to an end. 

These motions are* executed by the nervo-muscular 
apparatus, in a way that does not involve our conscious- 
ness at alh We do not even know of our heart’s action 
unless it be very violent, or we be in such a position that 
we feel it knocking against our side. But still it is going 
on regularly and tranquilly, though it may not be felt 
from one day’s end to another. We cannot stop it, if we 
would, by any eflbrt of the will; but it is affected by our 
emotional states. 

So, again, we do not know that we are breathing, unless 
we attend to it. The moment that we direct our attention 
to it, we become aware of the fact; but if we are studying. 

a2 
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closely, or listening to a discourse, or attending to some 
'piQGQ of music, or, indeed, doing anytliing that engages oui^ 
consciousness, we are no more awai'e of our breathing than 
we are during sleep. This shews you, then, that when 
breathing goes on regularly the action is purely automatic. 
But we haye a very considerable control over our muscles 
of respiration. If my respiratory movements were as purely 
automatic as those of an insect, I could not be addressing 
you to-night; because the whole act of speech depends upon 
the regulation of those movements. We must have sucli 
power over the muscles, as to be able to breathe forth succes- 
sive jets, as it were, of air, which, by the apparatus of arti- 
culation, are converted into sounding words. Though we 
have power over the respiratory organs to a certain extent, 
we cannot “ hold our breath” many seconds. In the West 
Indies the overworked negroes used formerly to ‘tiy to 
commit suicide by holding their breath, but could not do 
it, exceiot by doubling their tongues back so as to stop the 
apertui'e of the glottis ; for the impulse and necessity for 
breathing became so imperative, that they could no longer 
resist the tendency to draw in a breath. Thus, whilst we 
have a certain voluntary control over this act of breathing, 
so as to he enabled to regulate it to our purposes, we can- 
aiot suspend its automatic performance long enough to 
interfere seriously with the aei’ation of the blood. 

Let me briefly notice some of our other automatic 
actions. In the act of swallowing, which properly begins 
at the back of the throat, the “swallow” lays hold of the 
food or the drink brought to it by the muscles of the mouth, 
and carries this down into the stomach. We are quite 
unconscious of its p^issage thither, unless we have taken 
a larger morsel or something hotter or colder than ordinary. 
This is an instance of purely automatic action. If you , 
carry a feather, for instance, a little way down into the 
“swallow,” it is laid hold of and carried down involuntarily, 
unless drawn hack with your Angers. 

TalvO as another instance, the act of coughing. What- 
does that proceed from ? You may have allowed a drop of 
water or a crumb of bread to “go the wrong way,” and get 
into the air-passages. It has no business there, and will 
excite a cough. This consists, in the first place, in tha 
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closure of tlie glottis — the narroTr fissure which giyes 
passage to the ah — and then in a soft of conviilsive action 
of the exphatory muscles, which sends a blast* of air 
through the aperture, that serves to cany away the 
offending substance. Nothing can be more pui’pose-like 
than that action, yet it is purely automatic. You cannot 
help it. You may try to stifle a cough for the sake of the 
audience or the lecturer, but the impulse is too strong for 
you. You see, then, the purely involuntary natui^e of this 
action. The person who feels inclined to cough may 
endeavour to overcome the automatic tendency by an 
effort of his will. He may succeed to a certain degree, 
but cannot always do so. 

Now, although we cannot voluntarily stifle a cough when 
it is strongly excited, we can cough voluntarily, mth no 
excitement at all. You can cough, if you choose, to interrupt 
the lecturer, as in the House of Commons coughing is some- 
times used to put down a troublesome speaker ; and little 
coughs are sometimes got up to give signals to some friend 
privately. Or, again, the lecturer, who may feel his voice 
husky in consequence of some little mucus in his throat, 
wishes to clear it away; its presence does not excite the 
movement, bu,t he coughs intentionally to get rid of it. 
Now, I would have you fix your attention on these two 
points : in the first place, coughing as an involuntary move- 
ment excited by a stimulus in the throat ; and in the second 
place, as a voluntary movement executed by a determinate 
effort. This distinction is the key to the whole study of 
the nature of the relation between the mind of man and 
his muscular apparatus. 

The automatic movements of wliich I have been si^eaking 
depend upon a certain part of the nervous centres, which 
does not enter into the structure of the brain properly so 
called ; namely, the medulla oblongata, or the upwai^d 
prolongation of the spinal marrow — the spinal cord, as 
physiologists call it — into the skull {a, figs. 1, 2).. 

The effect of the stimulus or irritation in the windpipe . 
may not be felt as tickling ; for coughiug will take place in 
a state of profound insensibility. An impression is made 
upon the nerves which go to the medulla oblongata, and 
in tliat centre excites a change. It is the fashion now to call 
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this change a “moveinent of molecules f hut it is nothing 

more than a name for 
the action excited there, 
of the nature of "which 
we know very little. I 
do not think that this 
expression is really very 
much better than the old 
doctrine of “vibrations” 
put forth by Hartley 
5 more than a century ago. 
The change thus excited 
produces a converse ac- 
tion in the motor nerves 
which go to the muscles, 
and thus calls forth the 
combined muscidarmove- 
ment of which I have 
spoken. This is a tyjDi- 
cal example of what the 
physiologist terms 
“reflex action ” 

The whole Spinal Cord 
is a centre of “ reflex 
action,” in virtue of the 
grey or ganglionic mat- 
ter it contains, in addi- 
tion to the white strands 
which form the connec- 
tion between the spinal nerves and the brain ; and this grey 
matter is present in different parts of the cord in different 
amounts, in proportion to the size of the nerves connected 
with each. Each ordinary spinal nerve contains both 
sensory and motor fibres, bound up in the same trunk, but 
these are separate at its roots (fig, 3) ; and a part of each 
set of fibres has its centre in the grey matter of the spinal 
cord itself, whilst another part is continued into its white 
strands. Although, however, we speak of “ sensory ” 
fibres, we do not mean that impressions on them always 
call forbh sensations. For in the case of many involuntary 
acts, a certain impression is made on the sensory nerve, 


Fig. 1.— IJxDEE ScJEFACE or Brain. — 
a. ^Medulla oblongatii, cut off from 
the spixud cordj 6, x^ons varohi; c, 
infandibulum ; d, portion of tho 
convoluted surface of the cerebrum ; 
e, portion of the same laid open, 
shewing the difference between the 
grey or ganglionic substance of tho 
convolutions,, and the white or fibrous 
substance;/, cerebellum; 1, offac- 
tory ganglion ; 2, ojitic nerves; 3-9, 
successive cranial nerves. 
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and a reflex influence excited by ibis acts fchrongli the 
corresponding motor nerve vdthout calling forth any^ sen- 
sation. An impression is conveyed towards the ganglionic 
cehtre, which possesses a 
power of reflexion — not 
reflection in the mental 
sense, hnt in the optical 
sense of the reflection of 
rays from a mirror. If .we 
break any part of this 
nervous circle, as Sir 
Charles Bell. called it, its' 
action is destroyed. Cut 
the sensory nerves, and 
no reflex action can be 
excited. Cut the motor 
nerves, and no muscular 
contraction can be called 
forth. Destroy the centre, 2. — Vertical Section or Braxn* 

and you will_not haye tlie tbl^'cro-' 

hrmn A and the Oerobellum B, to 
the Sensori-motor Tract, whicli 
may ho considered aa the upward 
extension of the medulla ohloiigata* 
and includes tho parts lettered 
d,e,fi at h' is shovm m section the 
corpus callosnni, or great transvci’so 
Gominiasuro uniting tho two cere- 
bral hemiephorea ; and at g tho 
longitudinal commissure, connect- 
ing the front and back parts 
each ; i, optic nerve. 



reflexion. The complete 
nervous circle is necessary 
for the performance of 
every one of these reflex 
. actions. 

What I want first to 
impress upon you is, that 
the reflex movements im- 
mediately concerned in th e 
maintenance of Organic 


of 


life all take place through 
this lower portion of the nervous system, which lias no 
necessary connection with either sensation or will. That 
is to say, that if there were no higher part of the nervous 
system than the spinal cord, we should still have reflex 
action without the Ego having anything to do with it. 

I may illustrate this by tho act of sucking, which in- 
volves a curious combination of respiratory movements with 
movements of the lips. This act can be performed without 
any brain at all; for infants have come into the world with- 
out the brain, properly so-called-^with nothing higher than 
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tlie prolongation of tlio spinal cord — and have sucked, 

breathed, and even cried 
for some hours ; and all the 
true brain has beenremoved 
experimentally from new- 
born puppies, which still 
sucked at the finger when 
moistened with milk and 
white strands; a, r, anterior or put between their lips. This 
motor roots; p, r, posterior or shews how purely automatic 
sensory roots. these actions are. 

But we now come to that other class of movements — 
namely, those properly belonging to the apparatus of 
A nimal life — which are concerned in the ob- 
taining of food and in carrying on ordinary 
locomotion. I have to shew you to what a 
large extent, among some of the lower ani- 
mals, these movements are originally auto- 
matic; and, on the other hand, to inquire 
into their nature in Man. 

We will go to the class of Insects and their 
allies the Centipedes, as giving .the best illus- 
tration of the primary automatic movements 
of animal life. Here (fig. 4) is a diagram of a 
Centipede. Every child who has dug in the 
gi’oitncl knows the hundred -legs,’’ and is 

pretty sure to have chopped one in two, and 
noticed that each half continues to run. This 
is in virtue of the ganglion existing in every 
joint of the body, which is the centre of the 
reflex action of the legs belonging to it, and » 
which keeps each joint in motion even after 
it is separated from the body. If one of these 
creatures is cut into half a dozen pieces, every 
one of them will continue to run along. But, 
again, if we divide the nervous cord which 
y \ connects the ganglia, the sight of an obstacle 
rig. 4 .— Gan- ^^7 cause the animal to stop the movement 
gliated Neb- of its fore legs, yet the hind legs will continue 
voua CoBD or to push it on. If you take out the middle por- 
Cextipede. chain of ganglia, the legs of that 





^ 1 % 3.— Tbansvebse Section op 
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part will not move; bnt the legs of the front part will move 
or not, according to the direction of the ganglia of the head, 
which seem to control the action of the other gangly in vir- 
tue of their connection with the eyes; and the legs of the 
hind part will continue to move as before. 

Wlien one of these creatures goes out of the way of an 
object before it, we may assume that it sees the object; 
for although we have no absolute proof that insects do 
see anything, I cannot see that there is any disproof of a 
conclusion to which all analogy points. Certainly it seems^ 
to me that if I try to catch a fly, and if it jumps or dies 
away, or if I go out and try to catch a butterdy with a 
net, and it flies off, it does so because it sees the ‘net. 
Those who have watched bees, when a storm is coming on, 
flying straight down from many yards’ distance to the en- 
trance of the hive, can scarcely help concluding that they see 
the entrance. At any rate, it is not proved that they do not. 

Well, then, the Centipede .avoids an obstacle. A visual 
impression is made on the eyes, and by then" agency is com- 
municated to the large ganglia in the head; the reflex 
action of which controls that of the other ganglia, and 
directs the movement of the body. 

We find that the size of these cephalic ganglia in flying 
Insects has a very close relation to the development of their 
eyes; the eyes being most highly developed in the most 
active insects, and the ganglia connected with them the 
largest ; while the general movements of these insects are 
most obviously guided by them sight. Here is a clear case 
of original or primary automatisfn ; because these actions 
are all performed by the insect almost immediately that it 
comes fortli from the chrysalis or pupa state ; as soon as 
its wings have dried, it begins to fly ; and obviously sees 
and avoids obstacles just as well as if it had been practismg 
these movements all its life. 

Then, in the case of Insects, we notice that very remark- 
able uniformity of action, which we characterise as instinc- 
tive.” They execute most remarkable constructions after a 
certain plan or pattern, with such extraordinary uniformity 
and absence of guidance from experience, that we infer 
that they must have inherent in them a tendency to 
perform those actions. 
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We see this in the case of hive bees, which are distin 
giiished for theii* elaborate architecture, and for theirreraarlj:. 
able d#mestic economy. I do not say that there is nc 
rationality in insects, and that there is nothing done witl 
conception and purpose^ because some of their actions seJerr 
to indicate this, especially those which are described ir 
recent accounts of ants given by Mr. Belt in his ‘^ISTaturalist 
in h^icaragua.” Sir Jolin Lubbock’s expei'iments also cei*. 
tainly do seem to indicate a power of adaptation to changes 6i 
circumstances that were not likely to have frequently oc- 
curred naturally in the history of the race, so as to have 
become habitual — changes brought about by human agency, 
so foreign to the ordinary habits and instincts of the crea- 
tures, that we can scarcely attribute their consequent action 
to anything but a conscious adaptation to these ends. LJnfc 
this is a matter to be still cleared up — how far experience 
modifies the actions of insects. As a general fact, I may say 
that they carry Automatism to its very highest extreme. 

To give another illustration — the Mantis veligiosa (fig. 5),. 
an msect which is allied to the crickets and grasshoppers, bwb 

which does not habitu.^ 
ally either jump or fly.. 
It is a very savage inse ct, . 
and lies in wait for its 
prey like a tiger. Y orr 
can see the curiousform 
of the long fore-legs, 
which act as arms, anti 
are waved about ia tlxo 
air; and it rests on tine 
two hinder paii'S of legs. 
Now, observe that tlie 
front pair are supportecL 
upon a very long firsfi 
segment of the thorax ; 
the two other segments- 
hearing the wings and 
the two other pairs of' 
fig. 5 ,— Mantis Heligiosa. legs. Each of these- 

divisions has a ganglion, which is the centre of the move- 
ments of the limbs attached to it. The insect is always- 
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lying in wait ; and if any unlucky insect conies sufficiently^ 
near, tke aims close round it and dig-in a pair of hooks, 
with which the feet are furnished. By this act the unfor- 
tunate yictim is soon put out of existence. ISTow if the 
head of this Mantis be cut off, the arms still go on moving 
about in the same way; and if anything is brought 
within their reach, they impress the hooks upon whatever' 
they grasp. The eyes simply direct their action, the action 
itself being dependent on the ganglion from which tho' 
nerves of these members proceed. Further, if we cut off that 
division and separate it from the hind part of the body, tho 
same thiug will go on. If anything is put within its graspj, 
the arms close round it and impress the hooks Avith just 
the same automatic action as we see in the Yenus’s fly-trap. 
ISTofc only this^but if you try to upset the body, it will 
recover its balance, and rise again upon tho hind legs. 

This shews you how completely automatic the move- 
ments are. The name of Mantis religiosa is derived from 
the curious attitude in which this insect habitually lives 
— as if raising its arms in prayer. We have not this insect 
in Great Britain; but the French call it the Frie Fieu, 
w;hioh is equivalent to religiosa. 

We now come to the lower Yeitebrate animals, of which 
we may take the Frog as the best illustration. Its Spinal 



Fi^. fl. — B rain or Turtle, with diagi'ammatic I’epresentation of thcr 
increased development of the Cerebram in higher Vertebrata A, 
Olfactory ganglia; B, Cerebral hemispheres; C, Optic ganglia; 
B, Cerebelhim; E, Spinal cord; olf^ Olfactory nerve; op, Optic 
nerve. 
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Cord may be considered as the representative of the chain 
■of ganglia in the centipede ; the principal difference being 
that its ganglionic matter forms a continuous tract, instead 
of being broken up into distinct segments. But we find in the 
head, instead of the one pair of ganglia connected with the 
eyes, a series of ganglia connected with the several organs 
■of sense, together with two masses of which we have no 

distinct represeni^ 
atives among the 
lower animals — 
namely, the 
hmin and the cere- 
helluin. The rela- 
tion of these to the 
other ganglionic 
centres is shewn in 
fig. 6, which repre- 
sents the brain of 
the Turtle; A being 
the olfactive lobe, 
or ganglion of smell, 
from which inoceed 
the olfactory nerves ; 
B the cerebrum ; C 
the optic lobe or 
ganglion of sight, 
from which proceed 
the optic nerves ; 
D, the cerebellum; 
and E, the spinal 
cord. In most 
fishes the cerebrum 
is actually smaller 
Tig. 7 .— Diagram or Bhain, shewing the than the optic lobes; 
relations of its mincipal parts :-a, spinal ij^tas-we ascend in 
cord; n, o, cetehelluni divided so as to lay , • j. t 

open the fourth yentricle, 4, which sepa- senes towards 
rates it fi’om the medulla oblongata ; man, we find it be- 
c, corpora quadiigemina; cZ, optic thaLami; coming relatively 
/, corpora sti'iata, forming the senaori-motor larger and larger * 
tract; p, g cereteol bemi^herea ; ^ covers-m 

callosum; e, fomrs; Z, Z, lateral ventnclea ; ” , . - , -uj. 

3, third ventricle; 5, fifth ventricle. and hides the senes 
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of ganglionic centres lying along the floor of tlie shulL 
These semori-motor ganglia, (fig. 7, c, d, /), though com- 
monly regarded as appendages to the cerelDrum, really con- 
stitute the fundamental portion of the "brain ; they may he 
regarded as an upward continuation of the spinal cord ; and 
I hare been accustomed to designate this whole series of 
centres (excluding the cerebrum and cerebellum) as the 
axial cord. In this aU the nerves of sense terminate, and 
from it all the nerves of motion arise, the cerebrum having 
only an indirect connection with either. 

The proportional size of the Cerebrum in different animals, 
as compared with that of their axial cord, coiTesponds so 
closely with the manifestations of intelligence (that is, the 
intentional adajDtation of means to ends, under the guid- 
ance of experience) as contrasted with blind unreasoning 
instinct, that there can be no doubt of its being the instru- 
ment of the reasoning faculty. The cerebrum attains its 
maxiTnum size and complexity in Man j on the other hand, 
in the frog it is relatively much smaller than in the turtle ; 
and it would seem that the actions of this animal are pro- 
vided for almost entirely by the reflex power of its auto- 
matic apparatus — ^namely, the spinal cord -with the ganglia 
-of sense. Suppose that we divide the spinal cord in the 
middle of the back, between the fore legs and tlie hind legs, 
what happens? We find that the animal can no longer move 
the hind legs by any power of its own, but that they can bo 
made to move by pinching the skin of the foot. If acid 
is put on one leg, the other will try to wipe it off; and a 
number of movements of that kind are called fbrth by 
.stimuli of various kinds. Yet -we feel justified in saying 
the frog does not feel them. We know, as a matter of 
•experience, that if a man .receives a severe injury to his 
back — as has happened very often in Loildon, and also, I 
suppose, in Glasgow, among the shipping in the docks — 
“thx'ough his striking some projecting object in falling, 
his legs are completely paralysed. He has no feeliujO^ in 
them, and no power of moving them. But after the 
first shock of the accident has passed off, if you tickle 
the soles of his feet, or apply a hot plate to them, 
the legs are drawn up. The man will tell you he feels 
mothing whatever, and would not know what had taken 
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place if lie did not jise tlie movement. A case of this kin 
ocfcurred to the celebrated surgeon, John Hunter, who aske 
a inan,*''Do you feel this in your legs?” sir,” Ir 

replied, ^^hut my legs do.” That was not scientificalh 
cori’ect, because his legs could not be properly said to fee 
that of which tire Ego was unconscious j but it espressec 
the fact that the irritation called forth a respondent motion 

There is only one other mode of explaining this action 
namely, that by dividing the spinal cord we have made f 
second Ego — -a new centre of sensation — in the lower par*! 
of the cord. In that case we mahe as many Egos in the 
centipede as we cut the body in pieces; and we might make 
three separate Egos in the frog — the head, the upper part oi 
the trunk with the foredegs, and the lower part, with the 
bind legs, each acting independently. This seems ,to me 
inconceivable; I entirely go with those who maintain that 
these actions are provided for by a’ purely automatic 
mechanism. 

A still more remarkable fact is, that if we remove 
the higher nervous centres, leaving only the Spinal Cord, 
and “v^th it the Cerebeilum (which appears to have the 
power of combining or co-ordinating the movements), we 
find that the general actions of locomotion are per- 
formed as in the uninjured animal. Thus the frog will 
continue to sit up in its natural position ; and if we throw 
it into the water it will strilce out with its limbs and swim, 
just as if the whole nervoTis system was intact. This is 
the case also with the D^iiscus marginalis, a water-beetle, 
which, ^ when the ganglia of the head have been removed, 
will remain upon a hard substance without any movenient; 
yet, if dropped into water, will begin to strike out, swim- 
ming in the .usual way, but without any avoidance of 
obstacles. So the frog, if a stimulus is applied, will jump 
just as if the brain had been left. If put on the hand it sitB 
there perfectly quiet, and would remain so unless stimulated 
to action; but if the hand be inclined very gently and slowly, 
so that the frog would* naturally slip off, the creature’s fore- 
feet are shifted on to the edge of the hand until he can just, 
prevent himself from falling. If the turning of the hand he 
slowly continued, he mounts up with great care and deli- 
beration, putting first one leg forward and then the other. 
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Tinti]^ lio balances liiniRclf witb jKU’A^cfc procislon upon tbo 
edge; and if tlio turning of the Iiaud is continued, over Ixo 
goes through the opposite set of ojauMtious, imtil diecomoK 
to be seated in security upon the buck of tbo liand. All 
this is done after the brain }>]’oper lias been rcunovedy 
shewing how completely automatic this action is. Anotlun* 
remarkable fact is, that if you stroke one particular part o£ 
the skin, the frog will croak. 

Precisely jmrallcl exporinumts %verc‘ made by Flourcnst* 
By removing the brain of a Pigeon he found that the animal 
retained its position, and would fly when thrown into thc^ 
air. If the optic ganglia wore hit, he found evidence that 
the animal cither saw, or that its movements were guided by 
impressions received’ tlirough its ev(‘H. The head of thc^ 
pigeon would move round and I’ouud if a light wms moved 
round in front of tlio oyos. Ho in tlm frog it was found that, 
if the optic ganglia wove, Idt, if- would avoid obstacles placed 
in front of it, wdien exeitotl to jump. 

Thixs we see how comphilicdy automatic th(\so movernentst 
are, and how entirely they ai*(i dctixuident on the roil(3:'i 
action of the axial cord, tlie (k^rcdirum not being necessaiy 
for their ]>ovformanc('. TJie removal of (bat organ, htnv- 
fcver, seems to dejwive tlui jinimal of all sjioiitaueity; it 
remains at rest unless (‘xcif-(jd to move, [ind seouis to do 
nothing with a purposes. 

Let ns now go to Alan, ami <‘xamiue the nature of h\n 
movements. You have all sc.en a cliiid learning to walk. 
Y'ou know that it does Jiot g<!t upon its logs to walk all ah 
once, like a newly-dropped lamb ; but tliat its muscles havo 
to be trained, and tliis training is a- veay long jn’oeoss. Tbci 
child learning to wall:, as Ibley says, is the greatest 
postur(i-mast(jr in the world. it rerjuires a long oourso 
of experience to acquire the ])ow'er d’ moving its limbs in, 
a proper manner to (execute the succt^ssivo steps; but far* 
more training is required in balancing. This balancing 
of the body is one of the most curious things in mir 
mechanism. ATo automaton has ev(‘r iKani made to walk. 

I once saw an automaton fhat ])roress(Ml to walk; but it hacl 
only a gliding moti(in; and upmi looking at thofect I found 
some concealed springs boucatb, so that neither’ foot was 
ever really lifted. 
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The act of walkang requires a continual sLifting of tlio 
centre jf gravity from side to side, so as to keep it over 
the base dming every step ; and it is this shifting from side 
to > side, that constitutes the great difficulty in the act of 
walking. Almost every muscle in the body is in action in 
the maintenance of our balance and in the forward move- 
ment. The nuiscles of the eyes, even, ai’e in operation in 
keeping our gaze fixed upon what is before us, and thus 
guiding our onward movement. But when this movement 
has been once acquired, it goes on unconsciously. If you are 
walking with a friend and engaged in earnest conversation, 
you may walk a mile and not be the least conscious all the 
time of your having been successively advancing one leg 
after another; and you do exactly the same thing while 
walking in a state of mental abstraction. So, again, you 
are guided by your sight, when you have once set out, 
along the line you are accustomed to take. I am in the 
habit of walking down the Eegent’s Park eveiy lawful day, 
as you call it in Scotland, to my office at the Ilniversity of 
London. I frequently faU into some train of thought — as 
lately about this lecture; and I follow on that train of 
thought, not only unconscious of the movements of my legs, 
but unaware of the directing action of my vision. Yet I 
know that my eyes have been directing me. When I have ' 
come into the crowded streets, I have not run against my 
fellow passengers, or knocked myself against a lamp-post. 
My legs have been moving the whole time, and have 
bi’cnght me to my destination, sometimes to my suiqmise. 
This must have been the experience of all of you who are 
iccustomed frequently to walk along a certain line. It has 
3ven been the case that when you have set out with the 
ntention of depai'ting from your accustomed line, for some 
ittle business or other, and have fallen into a train of 
-bought, through pre-formed association you keep in the 
labitual line. After getting half way down a street you 
uddenly find that you have not gone out of your way, as 
^ou intended to do. I regard such habitual action as 
mrely automatic; not primarily, but secondarily automatic, 
he automatism not being original but acquired. This is 
he most universal of all forms of acquired automatic action 
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in Man — not only tlie motion of tlio limbs, but the directioir 
of their movements by the sight. 

The act of walking may become so automatic to bo 
performed during sleep. Soldiers fatigued by a long marcli 
continue to plod onward when sound asleep. If there arc 
no obstacles they go steadily onwards, just like t^ie centi- 
pede when its head has been cut off. The Indian punkali- 
puUers — men who are engaged the whole day pulling a 
string backwards and forwards, to ’inove the great fan 
which produces a current of air in oveiy room — often go 
on as well when they are asleep as when they are awake. 

These are two instances of acquii'ed automatism ; and I 
might add a great many more, because everything that 
becomes habitual to a man is occasionally performed auto- 
matically in the state called absence of mind. Thus when 
a gentleman goes up to his dressing-room to dress for a 
party, the first thing he commonly does is to take out hifj 
watch and lay it on the table. Thci next thing he often 
does — I have done it myself — is to wind up his watch, 
as if he was retiring for the night, I Ijave known a 
case in which the gentleman corai)lotod his undressing’ 
and then went to bod j so that when his wife came iii 
search of him, he was comfortably resting from liis day'B 
work. That was a case of piiro automatism ; and I could 
relate many more instances of the same kind, but you 
must all have noticed sucli things in your own exporionco. 
A particular manual operation can bo done, if it is one not 
requiring the constant dii'ection of the mind, quite auto- 
matically. A man can piano a board, for instance, or work 
his loom, while his mind is entirely occupied in another 
dii’ection. A musician will play a piece of music, and yet 
maintain a continuous conversation at the same time. 

There is a very amusing and suggestive book which I 
recommend you to i)cruse, The Autobiography of Eobort 
Houdin,tlio Conjurer,” who describcjs the training by which 
he prepared himself for the porformanco of various of his 
feats of dexterity. Amongst other things, ho tolls us that 
he devoted a groat deal of time and attention in early life 
to the acquirement of tlie faculty of being able to read tr 
book continuously, and at the sjime tihio to keep up balls 
in the ah’. He brought himself to bo able to keep up four 
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l)alls in tlie air^ without detaching Ms mind from his bool^ 
for a moment. He could continue the train of thou<rl3.'f 
that tlfe book suggested, without giving his attention^ cti 
all to the keeping up of the balls; tliis action being only 
.a more elaborate form of the trained automatism that ^ 
have spoken of. The thought occurred to bim, when 
writing liis autobiograph j, that he would try whether*:? 
after thirty years’ cessation from this performance^ li<3 
could still execute it. He stops, and then continues biB 
memoir: “I have tried this, and find I can keep up threo 
balls.” There, I believe, the nervo-muscular combination- 
that was required, had come by early training to be a part of 
his physical constitution, and had been kept up by nutrition. 
Whatever, in fact, we learn to do in the period of growtlr, 
we can continue to do without practice after the growtlr 
has been completed; whilst acquirements that we make 
subsequently are more easily lost when we are out of 
practice.” I think all experience shews that ; and I believe if 
is for this physiological reason — that the bodily and mental 
•constitution acquired during the period of growth becomes 
second nature,” and is maintained throughout life ^ 
whilst any modification it may undergo afterwards is some- 
thing superadded to that basis, and is the first to ’ dec lin e 
when the habit of action ceases. 

We now pass to the other part of our subject — tbe rela- 
tion between the higher part of our nature, the Ego, and. 
dhese automatic actions. What I shall endeavour to shew" 
you very briefly is this, that the whole of the nervo- 
musculai' apparatus concerned in executing the mandates 
of the mind acts as a trained automaton. Anything wMcb. 
we mentally determine to do “we will,” as we say. In. 
using the word “ will ” I do not mean a separate faculty, 

I mean the Ego in a state of action. The Ego determines 
to do a certain action, and command's the automaton to do ifc. 
The will does not, as physiologists used to belie throvr 
itself into a particular set of muscles; hut says to the auto- 
maton, “do this,” and it does it. There are many things 
which the Ego desires to do, but wMch he cannot make the 
automaton do for want of training. Eor instance, many of 
you may strongly desire to be able to play a musical instru- 
ment, You may be able to read the musiC; and by watc h i n g 
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^ performer piay see precisely how to do it, but you cannot 
it? simply for want of training. Tiie same is the case with 
a gi'cat many other actions which we can only acquire by 
practice. Again, you may wish to do something physically 
The Ego may earnestly desire and intend to 
xnaho some great effort — to take a great leap, for instance, to 
save hf^* He may will to hang on to a cord as long as 
may be necessary to prevent his falling from a height. 
TIio 3^go wills this with all his energy; but liis muscles w^” 
not obey him, because it is not in their nature to maintain 
their tension for longer than a certain period. 

Eet mo give you a little experiment that I think every 
one "Vvdll find instruction in performing on himself; it 
occiirrcd to me while lecturing on physiology as suited to 
conduct my students exactly to the idea I wished to impress 
upon them. There happened to be a bust opposite me, 
and I said, hTow, I will to look at that bust, and I will 
at the same time to move my head from side to side.” I 
told them to watch my eyes, and they could all see them . 
rolling from side to side in their sockets, — as you can seo 
hr yoursedves by looking at your own eyes in a looldng- 
(lass, and turning your head from side to side. You do not 
eel that you are using the slightest exertion, and would not 
)o aw'arf3 of the motion of yom eyes unless you knew it 
a matter of fact, or some one else told you that you wore 
loing so. Y’ou have said to your automaton, “Look at it” 
whatever it may be), and at the same time “ move your 
ead round;” and the automaton rolls its eyes in tho con- 
raxy dix-ection, and thus keeps the imago on tho same part 
f tho retina. 

That is what I maintain to be the general doctrine of 
le automatism of the body, dhected and controllod by tlio 
ill ; — the Ego willing the result, and leaving it to the 
rtoniabon to work it out ; as when I set my automaton to 
alk to a certain place, and direct my tliouglits to somo- 
dng altogether different. 

Wo have now, in the last place, to consider how far the 
[ind of man acts automatically. This is a subject con- 
sse<l]y of very great diffeuity. There are those who oon- 
;ler tlmt the mind of man is . essentially and entirely 
pendent upon his bodily organisation, although they may 
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still liold tlie sepamte existence of the mind. They find it^ 
indeed, j^ery difficult to conceive that there can be anyt'hing^ 
else than automatic action; because they see to what a 
very large extent our mental activity is conditioned by the* 
physical constitution of the body. 

The Physiologist can have no more doubt that there is a. 
mechanism of thought and feeling, of intellect and imaginar- 
tion, of which the Cerebrum is the instrument, than that 
there is a mechanism of instinct of which the Axial Cord is. 
the instrument. When one idea suggests a second, in accor- 
dance with a preformed association, the second a third, and 
so on, constituting what we call a “tmin of thought,” without 
any order from ourselves, we seem fully justified by a large 
body of evidence in affirming that this is the mental ex- 
pression of a succession of automatic changes, each causing' 
the next, in the ganglionic matter which forms the con- 
voluted surface-layer of the Cerebrum. These changes may 
or may not result in bodily motion. WTiat we call the 
movements of expression,” are the involuntary signs of 
the state of our feelings ; and so the movements executed 
by sleep-walkers are the expressions of the ideas v^ith 
which their minds are possessed. So great talkei^s, Kke 
Coleridge, sometimes run on automatically, when they have 
got patient listeners; one subject suggesting another, with 
no more exei'tion or direction of the will than wo use in 
walking along a course that has become habitual. All this 
maybe regarded, physiologically, as the reflex action of 
the cerebrum,” the physical mechanism of which is partly 
shaped by its inlierited constitution, and partly by the 
training to which it has been subjected, whether by inten- 
tional education, or by the education of circumstances — the 
brain ‘‘growing to” the mode in which it is habitually 
worked, just as the mechanism of our bodily movement, 
shapes itself to the work we habitually call on it to perform. 
We constantly see that mental faculties are inherited, as 
well as bodily powers ; that children brought up after the 
parents’ death, shew most remarkably the mental tendencies 
of one or both of them. They do a number of things in 
exactly the same manner that the j^arent did, have the 
same moral and intellectual tendencies, and present an 
extraordiuarily striking resemblance in general character.. 
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Tins principle of the hereditaiy transmission of facnltiea 
tlirough the physical organisation is now genei'ally admitted 
and what is more, I think it is clear that many of these 
faculties and tendencies have been acquired and superin- 
duced, as it were, in the constitution of the parent, upon 
what it originally possessed. There is one very remarkable 
and too common example of this hereditary ti'ansmission, 
namely, the tendency to alcoholic excess. I remember 
a fxiend telling me he had known a man who for forty years 
got up every morning with the strong apprehension of being 
imable to resist that craving, which was an essential and 
inherent part of his nature, inherited from the unhappy 
indulgence of his father. That man fought a most heroic 
fight every day of his life. Every now and then he fell, 
but recovered himself ; and, to my mind, fall as he did, his 
recovery shewed him to possess a far higher moral nature 
than that of the man who never yields because he is never 
tempted. I cite this merely as one example of acquired 
tendency hereditarily transmitted; all of us are familiar- 
with cases more or less resembling it. 

But the question is, whether the Ego is completely 
under the necessary domination of his original or inherited 
tendencies, modified by subsequent education ; or whether 
he possesses witlnu himself any power of directing and 
controlling these tendencies ? It is urged by some that as 
the physical structure of his Oerebrum at any one moment 
is the resultant of its whole previous activity, so its refiex 
action, determined by that physical structure, must be 
really automcttic; the only difference between a voluntary 
or rational, and an involuntary or distinctive action, lying 
ill the complexity of the antecedent conditions in the 
former case, as distinguished from their simplicity in the 
latter. And it is held, in like manner, by many who 
look at the question from the mental side, and who do 
not trouble themselves at all about the physiological aspect 
of it, that a man cannot act in any other way than in 
accordance with his character; and that his character at 
any one moment is the general resultant of his whole 
previous mental life. But even John Stuart Mill, the 
most able and conspicuous advocate of this doctrine, felt 
that in making every man entirely dependent upon his in- 
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^aerited constitution, and his subsequent ^^circumstances,” it 
C 5 xcluded»all possibility^ of real iv^-direction, all hope of sdf- 
improvement ; and this, lie tells us in liis autobiogmphy, 
■Weighed on his existenco like an incubus. ‘‘I felt,” ho 
’^say?, as if I was scientifically pvoved to bo tho helpless 
slave of antecedent circumstances, as if my diameter and 
'biat of all others had been formed for us by agencies 
Ibeyond our control, and was wholly out of our own power.” 
•The way out of this darkness lie found in what seems to 
daave struck him as a noAV discovery, although it was 
:f^XQiliar enough to many who had previously studied the 
*«.ction of the mind, — “that wo have real jjower ov(u* tho 
formation of oiir own charact(5r; that our will, by infiucnc- 
iiig some of our circumstances, can modify our future 
laabits or capacities of willing.” 

HSfow, this I hold to bo accordant with tho experience of 
■ o^’^ery one who has tbonglit and obsorvcal, without troubling 
Iximself with philosopliical thoorios. We all perceive that 
in the earlier period of our lives, our characters have been 
ioi-med for us, rather than hj us. But we also recognise 
*fclxe fact, that there coincjs a time wlien each Ego may 
■fctxlve in hand the formation of his own character; and tliat 
iii thenceforth dopenila mainly ui>on Ivhmclf course 

ifcs development sliall take, — tho most valuable rijsult of 
etxxdy training being tbat wliich jireparcs him to bo hw 
O'hCfTi master^ keeping in subjection his lower ajjpotitos and 
pfxssions, and giving tho most favourable direction to tho 
B^cercise of his higlaa’ faciiltu^s. And 1 sliall now explain 
bo you what seems to mo tho iiroccss ])y which tliis is 
3i3Eected. 

lEvery one knows tliat ho can detcrniinately fuQ Im 
zttention upon some one object of sense, to tho more or 
ess complete exclusion of all otlici^. lu looking at a 
cloture, for instance, lie can examino each part of it sepa- 
‘jX/fely; or, if he has a “musical cai'’,” lio can single out any 
>xxG instrument in an orchostva, and follow it tJirougli its 
^rliole performance. Kow, just in the Kamo manner wo 
ebzi fix our attention upon one state of eonsciousiicss (a 
hi ought or feeling) to tho exclusion of others. Supposing 
hto^h you are endeavoimng to fix your mind upon a certain 
Tbj ect of, study, or are reading a book that rcquii'es much 
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thou gilt to follow itj or are trying to master a mathe- 
matical problem, or are desiring to work out a certain 
question as to the conduct of your own lives, an<f you are 
attracted by the coming-in of a book or a newspaper which 
you would like to look at, or are distracted by noises or 
the playing of a musical instrument, you feel that it is 'in 
your power to fix and maintain your attention by a suffi- 
cient efibrt. That determinate effort is what we call an 
act of the will ; and I believe that the power of so fixing 
onr attention is the source of all that is highest and best 
in our intellectual self-education, as, in another direction, it 
is the source of all our moral self-improvement. 

The automatist will say that your doing so is merely 
the result of the preponderance of one motive over the 
other, — the deshe to go on Avith your study being stronger 
than the attractive or distracting influence. But if this 
he the whole account of the matter, why should we have 
to ^^make an effort,” — to struggle against that influence? 
We choose, as it seems to me, which is the thing that wo 
deem preferable; and we then throw the force of the Ego- 
into the doing of it, just lilce a man who makes a powerful 
muscular exertion to free himself from some restraint- 
And I hold that just as the Ego can turn to his own 
account the automatic action of his nervo-muscular appa- 
ratus, regulating and directiug his bodily movements, so 
he can turn to his own account the automatic activity of 
his cerebrum, regulating and directing the succession ' of 
his thoughts, the play of his emotions. That succession 
is in itself automatic; you cannot produce anything, othex*- 
■wise than by utilising what may spontaneously present 
itself ; and you do so by the selective attention of which I 
have spoken, intensifying your mental gaze so as to make 
the object before you call up some other, until you get 
what you ai'e seeking for. This you may readily trace 
out for yourselves if you will observe your own mental 
experiences, in trying to recollect something. And what 
shews the essentially automatic action of the cerebral 
mechanism in this familiar operation, is that after you 
have been for some time ti'ying in vain to recall some , 
forgotten name or some recent occuiTence which has 
“ escaped your memory,” it will often flash into your mind 





30 


r 


some little time afterwards, when you LaTe tiumed your 
:attentiorL to sometliiug else. In tlie same manner many 
import£Lnt inventions and discoveries have proceeded from 
tlie automatic working of tlie Cerebrum, set going in the 
first place by the determinate fixation of the attention on 
the object to be attained; the success of the result being 
due to the whole previous “ training” of the organ. 

The act of fixing the attention, in my belief, lies at tho 
foundation of all education, and is one to be fostered and 
encouraged in every child. It is bettor to begin with only 
a few minutes at a time; gradually, by encouragement, tho 
child comes to feel that it has a j)Ower of its own to pro- 
long its attention; and at last the encouragoincnt is 210 
longer needed, for the child that has been judiciously 
trained will exert all its determination to learn its lesson, 
in spite of temptations to go out and play or to amuse itself 
in any other mode. But if this determination wore simply 
idle expression of a preponderance of motive, I do not see 
why an effort should have to be made. If tho motive to fix 
the attention be stronger than the attraction of any other 
object, or the prospective infiiience of tho good to bo 
gained be more powerful than the distracting inllucncc, tho 
mere preponderance of the one ovor tho other would 2)roduc‘e 
■fche result. But we know and feel that the making such a 
determinate effort, involves more exj^enditure, “ talcos more 
out of you,” than the continuous sustained attention wlien 
there is no distracting infiiience ; thorelbre, I say tlujro 
is something here beyond tho automatic prepojuh'ranco of 
motive — the mark and measure of tho independent exertion 
of the 'Will. 

hTow this power, call it what wo may, is capable of bdng 
strengthened by exercise— no power more ,so ; neglected 
children being generally most deficient in it, and most 
carried away by their own impulses. No doubt a greater 
power of concentration is natural to some, and a gnniter 
mobility to others. But still I believo there is no healthy 
mind m which this power is not capable of being dtu'clopod 
by trai^g, just like the power of the limbs in walking. Its 
possession is the foundation of all intellectual discipline ; 
without it we can do nothing good in intellectual study* 

Look, now, at the moral side, and see how it operates 
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-fcliercf* begin by saying, “I ought not” to do so aiu 

jassuming a moral standard. Take the case, ujiicli i? 

xintoi'tunately so common a one, of a man who lias a strong 
tegyptation to alcoholic indulgence. He knows porlectl} 
'^611 that an habitual yielding to that temptation will be 
/liis ruin. I have heai'd of a man who said thab if a glasf 
(. of spirits was put before him, and ho know that the pit oi 
jhell was yawning between, he must take it. TIjIs is an 
^instance of the overpowering attraction it has for some 
^'individuals ; but this generally results from liabit ; and it 
is over the formation of Joahits that the will can exert its 
greatest power, by fixing the attention on one set of motivc‘s 
to the exclusion of other motives. I do not say tliat a man 
can hrioig motives before his mind. He cannot do that — 
we can only take what comes into onr minds ; bub lie enn 
direct his thoughts in a certain line, as it were, so as to 
find them. He can think of his family or the future, and 
so exclusively fix his attention on the cous 0 qnenc{^s, as to 
withdraw it from the immediate attraction. Gdiat X take 
to be the best mode. A struggle goes on in tlio mind of 
many a man subject to temptation; but if ho lets stiMuigth 
of principle enough to resist the immediate tendouey to 
wrong action, and so gets time to doliborato, ho may tJurs 
nerve himself for the conflict. Mmiy good rcsolu lions lire 
formed — we know wliat place is said to be paved with thtau 
— and we hope to realise them. We determine in ourselves 
that we will avoid particular indulgences. Wo may have 
some strong disposition to apply our powers to ill iiscis, to 
play some mean trick, or something of that kind. Mosb of 
us have temjDfcations of self-intci^est — not less strong lie- 
causo not pecuniary, — as to gain credit tliat does not belong 
to us, and so on. We hold back — pull ourselves to/^jethcr ” 
is tlie phrase of the present time — and summon all onr 
resolution and determination not to yield. Tluu'o is some- 
thing more, here, than mere preponderance of motive; for 
we determinately direct our attention to the I'oasoiis wJiy 
we should or should not do the particular act. 1 belhivo 
that in such cases tlio mind is best witlidi'awn from the 
temptation, hj fixing the attention iipon something else. That 
is the real secret of victory. By fixing our mind upon 
object, and saying “ I won't do it.” the temptation still 
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keeps haunting ns. I have known many a straggle off this, 
kind ]^lieved by the determination to follow an en-tirely 
different course. We know that in cases of insanity, T^ere 
a man is led by physical disorder to take a miserable xiew 
of everything relating to himself, the medical man sends 
him abroad, where he is attracted by a new set of objecta 
— something which prevents liis mind from brooding over) 
his gloomy thoughts ; and in that way, as his physical health/ 
improves, the man comes to feel that he can voluntarily/ 
transfer his attention ,from them to objects of interest! 
round him. This, I believe, is the manner in which we' 
should distract our minds from anything wo feel and know 
to be unworthy of our attention ; — we should find out 
something more worthy, and pursue it with determination. 

I ask you to take as your guiding star, as it were, in the 
conduct of your lives, these four words — ‘^1 am,’’ “ I ought,” 
can,” “I will.” — “I am” is the expression of reflection 
and self-consciousness, the looking-in upon our own trains 
of thought. If we do not feel am,” we do not think: of 
ourselves and our own nature — we surrender ourselves. I 

ought '^ — expresses the sense of moral obligation. By steadily 
fixing our attention on the ‘‘I ought,” the course of action 
is first directed right, and its continuance in that path 
becomes habitual. Turn to the right and keep straight 
on,” and you will find the doing so easy in proportion. 
Every right act, every struggle of the will against wrong, is 
the exercise of a power which strengthens with use, and 
will make the next act easier to you. On the other hand, 
every time you surrender your will to the temptations of 
self-interest, or sensual gratification, or anything that turns- 
you from the straight path, there is a loss of power which 
makes the next effort more difficult. Then, 1 cci?^” — ^the 
consciousness of power, is the foundation of all effort. 
And, lastly, it is not enough to say, I ought to do it, and 
I can do it,” hut we must will to do it. The “ I am,” I 
OUGHT,” OAN,” “I WILL,” of the Ego, can train the 
mental as well as the hodily Automaton, and make it do 
anything it is capable of executing. 



TEE DAWN OT ANIMAL LIFE. 


AK not quite sure tLat tlie title of tlie lecture may not 
some degree mislead you. It speaks of tlie dawn of life. 
5 tlie £rst glance you miglit suppose that I was going to 
ce you back into those mysterious ages, about which our 
Dellent Mend, Sir ‘William Thomson, gave us a few hints 
bis own at Edinburgh, wken life in any form first made 
appearance upon earth. But that in not the subject 
ich we are going to study ; though were we to do so, 
vill venture to say that it would yield to no othei* in 
)ortance and interest. 

! want rather to lead you to that particular part of our 
airy which has reference to objects that we see living 
ler our own eyes, whose life-history we can trace, and 
which are entirely different from the things with which 
are more usually familiar; they constitute the one 
j of life of which man, the summit of all organisation, 
jtitutes the opposite and highest pole, 
ou cannot have paid any attention to your own 
vidual condition without feeling alive to the fact 
your physical frame is an exceedingly complicated 
^ You know you have a number of organs, and a 
ber of functions are performed by these organs. You 
>, in fact, a separate organ for every function, and 
Y separate organ has a function of its own, that 
ot be ' interchanged with the function of any other 
1 . In social life you may get youi* friend to do 
work for a day or a week; but when you ask the 
io do the work of the mouth, the tongue the work 
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of ‘tlie nose, or tlie nose tlie work of tlie ear, yoii kncAv 
that swell an interchange is impossible. 

But when we go to the opposite pole of animal life^ 
what do we find? Have we there the same complex 
structure, or the same division of duty? Do we find 
separate parts, which can be distinguished under the 
microscope, and in which 'we can trace this corresponding 
division of fimotions ? I propose to give you the answer 
to this question to-night ; and I think I shall be able to 
shew .you, before we have finished our evening’s work, that 
the lowest animals are the very opposite of man in tho 
points to which I have referred; that there is none of this 
difiference of organisation — none of this speciality of parts 
— none of this isolation — this separation of organs for the ful- 
filment of particular work; but that every part of the animal 
can do equally well what any other part of the animal can do. 

We scientific men are frequently accused of using hai'd 
words. I venture to admit the charge, and justify it in a 
very simple and intelligible way, by proving that there is 
another black as black as our own. I wdl ask you to 
take. up any ladies’ crotchet-book, and if Sir Willianr 
Thomson or any of our learned friends on the platform 
behind me can tell you, unless they receive special feminine 
instruction, the meaning of the marvellous symbols in the 
book, I will give them credit for possessing even more 
genius than I already do. What do I mean by this ? I 
mean there are certain special ideas which have to be 
represented by certain figures, letters, or words; these 
symbols, when employed in the crotchet-book, are designed 
to shew you to lift up your needle here and put it through, 
there. Technical movements must be performed in order 
to produce the wonderful crotchet patterns, and there are 
particular symbols made to represent thqse different move- 
ments. A lady learns to understand the symbols the- 
moment she sees them, and conceives it natural anybody 
else should do the same; but when she comes to botanical 
or zoological terms, she thinks there is something wrong in* 
the invention of all the hard names, though they are as 
necessary to science as her own technical terms are to 
needlework. 
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But I promise yon to nse as few' snch as possible, and tliiff 
I shall be better able to do beoanse the objects about which 
I have to speak are limited in number. • 

Let me tell you in the first place what you must do. Gk> 
i }0 some water-tub that may be standing near your house, 
scoop up a little fluid j6:om the inner surface of the cask, 
and in all probability you will find that the water there 
•contains more minute jelly-like objects than elsewhere. Or 
take a similar drop of water from an old neglected flower-pot 
that has been standing in the rain for weeks. If these mQ, 
get a drop of water from the bottom of some pond. If you 
•examine it under the microscope, you are sure to find in 
it some little spots, as if dr ops of dilxxted gum had been 
introduced into the water. What are these gum-Hke sub- 
stances I will tell you, and in doing so use the first of 
my big words, fortunately this word is one you all know 
something about. It is one that some five or six years 
■ago almost seemed to frighten England from its propriety. 
I mean the word protoplasm. You all, I daresay, re- 
member my friend Professor Huxley’s celebrated Essay on 
Protoplasm. How, I am going to talk to you to-night 
almost exclusively about this Protoplasm in one form or 
another. This same little drop of jelly is neither more nor 
less than a speck of protoplasm. But what is protoplasm 1 
The very name signifies that it is tbe primary raw material 
•out of which other things are organised. You have blood 
•circulating in your veins. If you examine a drop of it under 
the microscope you will find it filled with little red granules; 
red corpuscles, as they are called. Each one of these is 
•essentially a little granule of protoplasm ; if you examine 
that blood a little further, you find moving amongst these 
red particles a few white and somewhat larger ones. Note 
these latter particles well, and you will see that they are 
' very similar things to my little drops of gum or jelly that 
you find in the water. Not only so, hut you will see that 
these two things agree in one important point — ^viz., they 
frequently change their shape. Now they are round, now 
•oval, and indeed now pushing out little projections from 
rtheir margins. These atoms of protoplasm in the blood 
differ extremely little in their essential features from the 



6 


simplest form of animal life with wMcli we are acq\iamted. 
What is the condition of this earliest form ? 

In^g. 1 you have one of the smallest forms of this little 
animalcule, called the Protamoeha, the first and earliest form 
of the Amoeba, which latter, in plain English, is called the 
Proteus animalcule, because, like the mythic Proteus of old, 
it is perpetually changing its shape. Like the white globule 
in our blood, it is round now, oval five minutes hence, and 
in ten minutes more it may become altogether different. 

What does he do when about to feed? There is near 
him a little tempting morsel, and he contrives to come into 
contact -with it. He does not bite it, because he has no 
teeth. He does not take it into his mouth, for he has no 
mouth. He does the next best thing. He just edges 
himself up to it, and having done that, he contrives to 
imbed the morsel in his body. There is no aperture into 
his body, and whichever side he brings into contact with 
the food is equally efficient. He contrives to bury the 
particle in his substance, and so long as it is there he is 
extracting some amount of nourishment from it, after 
which he ejects it. It is a simple sort of proceeding, but 
efficient for the accomplishment of its end. 

How does he multiply himself? By a process equally 
simple — viz., he splits himself in two. A simpler process 
than that you cannot find. When you were children, and 
wanted to share your cake with a younger brother, you 
divided it in two; hut mark the difference between the 
Protammba and the cake. When yon divided the cake, 
you had only the two halves left. There was no increase 
of growth in each half of the cake to reward your virtue. 
But when the Protamcehse have divided, simple as they are 
in structure, tljey contrive to extract some nutriment out of 
the water, so that in a short time each of the two halves 
becomes as big as the original creature was. This little 
act, performed by the simplest and most lowly of all 
animal organisations, shews that in them there resides 
that all-important power which we call vitality, and the 
possession of which, as I think, I shall he able to prove to 
you before I have done, distinguishes the organic from 
the inorganic world, and demonstrates the existence of life. 
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Let me now take you a step fartliei\ Pig. 2 is a little 
fellow similar to the one already described. Observe that 
he differs in having a little speck, a, in his interioi* which 
looks as if it meant little, but it means a great deal. We 
have here made an advance in the complexness of organ- 
isation. We have put our foot on the first rung of the 



Pig. 1. 
Protamoeba. 



Pig. 2. 

(u Nucleus. 



Fig, 3. — Amoeba. 

a. Nucleus. &. Contractile Vesicle, c. 
Vegetable objects upon which the Animal 
is Feeding, d, Pseudopodian Extensions 
of the Protoplasm. 


ladder which will gradually lead us up to' that summit 
which man occupies. Here is an organ of which we do not 
know tho exact nature, but which we trace in an infinite 
variety of shapes both in animal and vegetable , life. It 
has important functions of some kind or other to perform,^ 
otherwise it would not he so widely diffused. This little 
object is called the nucleus. 

Let us now advsince from the Protamoeba to the Amoeba 
itself Pig. 3 represents one of the varied forms that it 
assumes. We’ have here, at a, a nucleus, like that in fig. 2. 
We find also at 5 a little transparent spot, and as that is 
always present we may he sure we have here an additional 
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organ. This transparent spot expands for a few minutes, 
is filled witli a colourless fluid, and then probably bursts ; 
at ^ events it disappears. It is a Contractile Vesicle; but 
what its function is we do not know. "Vye do know that 
when it has contracted in the way I have described, it 
re-appears in the same spot, and in this way goes on 
expanding and contracting almost as regularly as your 
heart contracts and expands, but with very much longer 
intervals. Possibly it concentrates some nutritive essence, 
and every time it contracts or bursts, diffuses tliis essence 
through the system. I will not vouch for the correctness 
of this explanation, but here is undoubtedly a second 
organ, indicating an important advance in the complexness 
of the organisation. So far as nourishment is concerned, 
we find no change. The letters c, c, c, indicate objects which 
we know to bo plants, upon which the creature is feeding. 
It has buried them in its substance, and is extracting 
► nourishment out of them. 

Thus we see that, though we have made this amount of 
progress in the development of the organism, we have not 
really attained to anything materially new in the physical 
or physiological history of the animal It multiplies in the 
same way as the Protamoeba, dividing into two; or some- 
times poking out a little bit of an arm, as at it pinches 
off a bit of its tip, which floats away, and starts life as a 
new independent creature. At the same time, notwith- 
standing these successive subdivisions, the creature itself 
grows, maintaining its original size, and undergoes its 
usual variations of form. 

Such is the Jiistory of the Amoeba or Proteus ani- 
malcule — a history simple, it is true, but which gives 
us a clue to a very large number of other histories very 
much more complicated. At the first glance you may be 
disposed to say, What is the use of studying a little 
object like this? The same question might he applied to 
the minute forms of vegetable life, upon which I have no 
time to enter. If we had time to study all these minute 
plants, it would not he unprofitably spent, as they exhibit 
BTtnilar phenomena, demonstrating how univers^ are the 
laws upon which nature is built up, and by which she acts. 
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Sucii studies me of real use, because they throw a light 
eT6n upon the constitution of main 

We must now turn to one of the most mysteriotis ob- 
jects with which I am acquainted; one to which onr atten- 
tion was originally directed — as our attention is frequently 
directed — |)y the friend, whose name I was delighted to 
hear you cheer so heartily a few moments ago — I mean 
Professor Huxley. Examining some of the sediments 
brought up from the deep sea, and with which I shall 
have something to do in a few minutes, he discovered 
that the mud so brought up had a slimy character about it 
He found that when portions of it were put into water 
in a fresh state, a sticky substance diffused itself in the 
water but with a definite outline, just as if you had drop;^d 
thick gum into the water, and the two refused to mix. He 
noticed the fact that imbedded in this gum-like substance 
there were numerous minute, organised points, which he 
called Coccoliths. He came to the conclusion, which I , 
have no doubt was strictly correct, that this gum-like 
material, to which he gave the name of Bathybius, was an 
animal substance very similar to that of the Amoeba, or 
Proteus animalcule, but with this difference, that whilst the 
Proteus animal was capable of being put under the micro- 
scope, being an almost invisible speck, the Bathybius sub- 
stance extended for hundreds and perhaps for thousands 
of miles along the sea-bottom. Wherever certain materials 
formed the sea-bed, there yon had this Bathybius. Whether 
we may speak of it as one animal, or an almost world- 
wide aggregation of minute animal points, I cannot say ; 
but I agree with Professor Huxley in regarding this Bathy- 
bius as a condition of animal life in its very lowest form. 

Dr. Dawson, of the Macgill College, Montreal, Dr. Car- 
penter, and two or three* others, have investigated the 
earliest form of animal life yet found in a fossil state ; 
this peculiar . structure, called the Eozoon, has built up 
calcareous masses at the bottom of the sea on a very gigan- 
tic scale. These masses seemed to the above observers — 
and I think they are correct — to be the products of an 
animal having had a very wide diffusion,, the nature of which 
has been something like that of the Amceba. How, it gives 

A 2 



10 


i strong prol)a'bility to tliese views, that we have at the 
bottom of the Atlantic and Indian Oceans, and in various 
part^ of the Pacific, at the present day, also on a very 
^antic scale, a similar animal substance to that which 
Dr. Carpenter and others believe to have existed in ages 
gone by, and which constructed the calcareous Eozoon. 

I will next direct your attention to some other curious 
forms. If you take up a little sand from favourable localities 
DU the sea-shore, you will find that it frequently contains 
large numbers of exquisite, minute shells. Hooke, a cele- 
brated microscopist in the days of Charles II., noticed the 
existence of these shells in sea-sand. Prom that time to 
bhe present, they have, at intervals, been made the objects 
of special study. They have at different times been put 
Lnto all sorts of classes, and no wonder, since being &(>• 
exquisitely beautifiil and symmetrical, it is difficult tf,* 
suppose they ever could have been formed by animals so 
low in the scale of organisation as the creatures that really 
did form them. They are now known by the name of 
Foraminiiera, and the majority of them are so small as to 
be like dust. Unless *the vision 
is aided by the microscope or 
the magnifying glass, you would 
not suppose them to be or- 
ganised objects. They are so 
exquisite in texture and outline, 
and so variable in form, that 
Hasmyth, the engmeer, always 
insisted that one little group 
which I keep in a microscopic 
Pig. 4 . Pig. 5, slide, should be called The 
Kodosarift. Textillaria. School of Design.” He said it con- 
bained more ideas for patterns and designs than he ever 
saw within so small an area. In most of these sheEs there 
ire numerous chambe9?s. Sometimes, as in fig. 4, thes^e 
chambers are arranged in a straight line j in other cases 
they zigzag backwards and forwards, right and left altei^^- 
nately, as in fig. 5 ; and in others again they are spira!^, 
as in figs. 6 and 7. These chambers represent so manj^ 
successive growths. The shells, in many instances, are 
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perforated with numerous holes^ as in fig. 6. The name 
of Foraminifera has been given to these objects because 
of these little holes. What do these perforations cnean ? 
I wiU tell you. The shells are made up of lime, which 
the creatures obtain from the sea in which they live. The 



Tig. 6,-— Young shell of Dis' Tig. 7. — ^Yotmg shell of Pemvoplis 
corbim Turoo^ shewing the withanon-foraminated 

foraminated walls of the shell a. Prima^ se^ent. b. 
chambers. Aperture, o. Series of segments. 

d. Septa separating the siicces- 
sively added segments, e. Canals 
connecting the different seg- 
ments, and once forming the 
orifice, like b, when each seg- 
ment was in turn the outermost 
one. The same letters of refer- 
ence apply to Tig. 6. 

animals that tenant these shells are objects very like the 
Proteus animal. Pig. 8 represents one of these crea- 
tures with the animal inside. ITotice streaming from its 
shell numerous delicate threads, which often blend to- 
gether. iS'ow, these threads are prolongations of the animal 
protoplasm exactly similar to those of the Ajmceba. They 
are much finer and more delicate, but in other respects are 
the^ Same thing. These threads are called Pseudopodia, 
which means false feet; but they do more than act as 
feet, for they evidently collect from the sea the nourish- 
ment upon which the creatures subsist. WTien the shell 
has become too small to hold the growing protoplasm, a 
new joint or segment is formed at the end of those already 
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existing. The new ones grow out of the old ones like buds. 
Their arrangement is endlessly diversided. 

Th# point that I next wish particularly to impress upon 
you is, that these shells have played, and are still playing 

a very important 
part in the physical 
history of the globe. 
It was remarked by 
Dr. Buckland thirty 
years ago, that these 
microscopic crea- 
tures, or similar 
ones, have played 
a tar more import- 
ant part than ele- 
phants, lions, or 
I tigers, in the his- 
tory of the globe. 
I ^^1 now prove to 
you that they have 
done so. 

Fig. 9 represents 
a round Foramini- 
fer, consisting of a 
single joint with a 
little aperture serving as a mouth. This is the Orbulino. 
We hnd it in mud dredged up from our own North Sea, 



Fig. 8.— Tlio^ same shell as fig. 6 with 
the soft animal projeotin^^ its numerous 
pseudopodia, a, through tno foramina in 
the shell-wall. 



Fig. 9.— Orhulina Fig. 10. —Upper sur- Fig. 11.— Under sur- 

au its common con- face of shell of Glo- face of fig. 10. a. The 
(lition. a. Oralaper- higeriiia buUoidea as newest segment. h, 
tura usually found, a. The The oral aperture, 

nevrest segment. 
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l)etween tlie Scotcli coast and the Shetland isles, It early 
heoame plain to me that this little animal was a diep-sea 
form. I always found it associated "with the shell, figs. 
10 and 11, and which is so minute that it looks, when 
you view a lot of it with the naked eye, like the finest dust. 
A breath will suffice to blow it out of the hox in which 
I keep it. This latter shell is the little object which has 
been the chief agent in modifying the crust of the globe. 

When Ehrenberg, the great Prussian microscopist, was 
pursuing his investigations, and shewing the power of his 
genius by working with tools for which you would not give 
twenty shillings (it was not the tools, but the eye he 
contrived to put behind them that did the work) amongst 
other things he put under the microscope a little bit 
of powdered chalk. BCe found, to his perfect astonishment, 
and the astonishment of all of us, that the white Chalk, 
which runs in an almost unbroken line of elevated Downs 
from Elamborough Head to Dover and Beachy-head, and 
other points on the south-east coast of England, and which 
is generally about 000 feet in thickness~is neither more 
nor leas than a vast accumulation of these minute shells. 
jSfot only so, but many of the shells of which that chalk 
consists are either the identical species represented by figs. 
10, 11, or a variety of it, very slightly modified. The 
forms I . am now describing to you are found at various 
localities, fi’om the hTorth Bole to the South Pole, and from 
the Red Sea to the middle of the Pacific Ocean. These 
shells underlie the deep sea, not universally, but in detached 
masses of vast extent. It is difficnlt to realise that the mass 
of chalk which, after having undergone a variety of chemical 
changes and been subjected to immense pressure, reducing 
its volume, could ever have been produced by such minute 
agents. 

When the bed of the Atlantic was surveyed, preparatory 
to carrying out those great works with which your distin- 
guished townsman, Sir WilHam Thomson, was so intimately 
associated, it was found that a great part of the bed upon 
which the electric wire was to be laid consisted of these 
shells. We know now that a great part of the sea bottom 
between us and America consists of such shells, with a 
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few minute, siliceous objects mixed witb them, and whic 
combination in all probability constitutes a mass bundrec 
of feet in tbickness. We baye no means of ascertainin 
its exaot depth, but it is permeated through and throng 
with Huxley’s Bathybius. It is in yirtue of this peculia 
foraminiferous accumulation, forming a soft bed for th 
reception of the cable, that the success of Anglo -America; 
telegraphy is largely due. 

We have recently obtained some very important infoi 
mation about these little objects from the “Challenger.” i 
variety of investigations have been carried on, and differen 
conclusions arrived at by different indi^dduals, as to wher^ 
these shells live. Some, like Mr. Gwyn Jeffreys, insiste( 
that they live near the surface of the water, and that thi 
deposits are merely accumulations of dead shells whicl 
have sunk to the bottom. Others contend that they liv^ 
at the sea bottom and die there — ^that being their home 
But the very last information we have had from the 
“ Challenger ” has thrown a wonderful light, not onlj 
upon the position in which at least some of these creatures 
live, but upon the extraordinary appearance they present 
when living. 

It appears that when these creatures are living at the sui'- 

face, both the Globigerina 
and the OrbuHna are 
armed with innumerable 
delicate, flexible, cal- 
careous spines, as repre- 
sented in flgs. 12, 13. 
When the animals perish 
these spines fall off, and 
the shells descend to the 
bottom of the ocean. 
Such spiny investments 
probablycharacterise the 
younger states of the 
animal. 

Kg. 12.-0rbalma as living at the advance nov to 

finrfaco of the sea. a. (jalcareouB ^^other^oup of ohjflcts. 
fipiaes projecting from the shell. When, in the days of 
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Sooke, of -wlioin I have already spoken, attention began to 
he directed to the microscope, it was found that if ^little 
vegetable matter was allowed to stand for a few days in 
water — other words, to form what the druggists call an 
infusion — minute living objects appeared in it. Finding 
these objects in such infusions, and not being aware that 
they were to be found elsewhere, naturalists gave them 
ihe name of Infusoria. These became the special study of 
Ehrenberg ; but he 
mixed up with this 
common group an 
enormous number of 
-objects that were 
really plants. He was 
a magnificent obser- 
ver, and had a won- 
derful genius for 
■classification; but, un- 
fortunately, he was 
not a physiologist ; 
consequently he gave 
to these vegetable 
forms eyes, stomachs, 
teeth, and a whole 
host of other organs, 
which it is not usual 
for plants to have. 

About one-half of the 
things called Infusoria 
proved to be animals, 
but the other 
turned out to be plants. Hi s labour, however, was not 
thrown away. Investigations which were pursued into the 
history of these creatures demonstrated that they were 
•closely allied to the Amoeba, but with a decided advance 
in organisation. The animal consists of a mass of proto- 
p)lasm, but in the interior we have a nucleus /figs. If, to 
16, a), a contracting vesicle (figs. If, b, to 16, 5) ; in addition 
to these organs we find, in the first place, that each 
animalcule is clothed with an external skin, which the 
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Amoeba does not 113118117 possess. ^STot only so, but 'w 
find that, in one part or another, there is a mouth- 
that iS, an opening — where the skin is inverted into tl 
interior of the animal for a very short distance like a tubi 
and that this is the inlet through which the food enter 






14 and 14»~A flask- 
shaped infusorial animal, cr. 
Nucleus, d. Contractile vesi- 
cle. 14* is preparing to 
undergo fission transversely. 


Jigs. 15 and 16. — Paramecium. 
a. Nucleus. 5. Contractile 
vesicle, c. Mouth. Fig. 16. 
is undergoing fission longi- 
tudinally. 


The skin is furnished with inilumerable minute moving 
threads, called ciHa, resembling the vertical threads forming 
the pile of velvet, which are everlastingly at work, yet what 
moves them we do not know. But these ciliaiy move- 
ments acting in a variety 
, of ways enable the animal 
^ to swim, whicli is their 
■ ordinary function. 

Big. 17 represents a fixed 
cluster of similar objects, 
growing like a tree; a con- 
dition produced by a pro- 
cess of fission which allies 
these creattires to the 
Amoeba. They multiply 
by splitting themselves into 
two, the process being effect- 
ed in varying directions, and 
with different degrees of 
j. . . T completeness. Sometimes- 

the division will be lengthways, as the animal represented 



17.— CarchesiuicL 

infosoriau smiroal. 


flexible 


A^ a nim alcule beginning to sub- 
divide. b. Another, in which sub- 
diviaion has reached the flexible 
podunde. 
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in fig. 15 is separating into two lateral halves in fig. 16 y 
hut sometimes they take a fkncy to split in the opposite- 
direction, as fig. 14 is doing in fig. 14*. In the Infusoria 
generally this spKtting is done efiectually; but fig. 17 
is a creature which has done the splitting inefiectually. 
One individual of this cluster originally attached itself tO' 
a fixed object, and then elongated the footstalk by which 
it so attached itself. It then split into two, as just described, 
the divisions extending into the footstalk, but not reaching" 
its base. Similar processes were repeated again and again, 
as at a and 6, until the organism attained to the tree-like 
form represented in fig. 17. 

Here you have something like what I daresay you people- 
in Glasgow understand very well, vk., practical co-operation*. 
To a certain extent independent, each animalcule obtains 
its own food, but they are all acting in harmony, nourishing 
the common structure of which they form mutually depen- 
dent parts. I take it something like that is the true mission 
of human society. No one can do without the other, any 
more than these animals are independent of each other. In 
social life we recognise that the rich are necessary to the- 
poor, and the poor are necessary to the rich. Each have- 
their own appropriate work to do in the world. The young 
require the experience of the old, and the 
old frequently require the energy and 
active force of the young. All are mutually 
dependent upon each other; and though 
it is perfectly true of any one, that society 
can do without us, yet, viewed as a whole, 
we are mutually dependent one upon an- 
other. 

I will now call your attention to some 
objects of which the history has been 
worked out by two gentlemen at Liverpool 
— Dr. Drysdale and the Rev. Hr. DalUn- 
ger. They have devoted their energies to 
Sie investigation of a very minute species ^ 

of Infusoria, fig. 18, which was furnished ^^onad. 
with two large and very peculiar cilia, Granular por- 

5, at one end. They noticed that when tion. b. Cilia*, 
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Amoeba does not usually possess. Not only so, but we 
find that, in one part or another, there is a mouth — 
that 31, an opening — where the skin is inverted into the 
interior of the animal for a very short distance like a tube,, 
and that this is the inlet through which the food enters- 




14 and 14^— A flaak- 
shaped infusorial animal, cu 
Nuoleua. b. Contractile vesi- 
cle. 14* is preparing to 
undergo fission transversely. 


iFigg. 16 and 16 .— Paramecin ra. 

a. Nucleus, h. Contractfle 
, vesicle, c. Month, Pig, 16. 
is undergoing fission longi- 
tudinally. 


The skin is famished with inilumerable minute moving, 
threads, called cilia, resembling the vertical threads forming, 
the pile of velvet, which are everlastingly at work, yet what 
moves them we do not know. But these ciliary move- 



the division will he lengthways^ as the animal represented 
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or made of sometMng very like flint. These silice- 
ous skeletons 'when 
living are covered 
with a sarcode or 
protoplasmic sub- 
stance. Figs. 19 and 
20 represent two 
elaborate skeletons 
of these Polycys- 
tinesB deprived of 
theirsarcode. They 
are objects belong- 
ing to the same 
group, and having 
the same low 
organisation as 
those already de- 
scribed. 

We will pass Fig. 20. 

from them to the Siliceous skeleton of a Folyoystinean, 
Sponges. If time 

permitted I could shew you that the history of Sponges is 
quite as interesting as that of any of the other animals we 
are acquainted with. You are all familiar with the sponge 
of commerce — ^that elastic horny substance. When that 
Sponge was growing in the sea it was covered with slime. 
It is washed before it comes into your hands ; if it were not, 
you would find it had a slimy, repulsive, nasty feeling, like 
that you experience when you lift up a snaiL ISTow, this 
Sponge, with its homy skeleton, has a very curious history. 
If you notice closely you will find little punctures scattered 
all over its surface. When the sarcode or flesh invests it, 
these little pores absorb water. You will observe that at 
some points there axe large apertures. Yery generally 
these larger apertures form the summits of conical pro- 
jections like the craters of miniature volcanoes. The 
water absorbed by the smaller openings passes out at the 
large ones. 

21 is a diagram, copied from one of Professor Hux- 
ley’s, and which wiU illustrate what I mean. The black tint 
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represents tlie substance of the Sponge, the skeleton, and 
the garcode or protoplasm includetL The arrows indicate 
the direction in which the water flows through these canals, 
and then emerges through the larger volcano-Hke apertures 
(fig. 21, a). It has long been a perplexing question how the 
water is forced through, but it lately has been discovered 
how this is done. It is found that some of the canals 
expand into little chambers, c, which are lined with cilia, or 
little appendages like those which enable the Infusoria to 
move. These are in constant action. The interior of the 





Fig. 21. — Diagrammatic representation of a section of a Sponge. 

Om Exhalant aperture, h h. Inhalant apertures, c. Ciliated 
chambers, d. Surface tissue. 

human mouth, as well as the interior of the bronchial 
tube and lungs, are Hned with these cilia, which are con- 
stantly moving in such a peculiar way that the movement 
appears to be always in one direction. Their action re- 
sembles that of a field of com when a breeze is blowing over 
it. We see wave after wave going from one side to the 
other, but we know very well that although the heads of 
com appear to be travelling in that direction, the com does 
not go, but that this appearance is caused hy the sudden 
bending down of the corn in one direction, and the slower 
restoration of it to its old position. The quick movement 
strikes the eyes, hut the slow movement is not noticed. 
Something of the same kind exists in these cilia. The 
consequence is that in the Sponge these little cilia keep up 
a movement in one direction, just as those in the interior of 
the lungs keep up a movement from within towards the 



21 


throat But for this movemeut we should be in danger 
of choking. The action causes an outward flow of mucus, 
and brings it up through the windpipe towards the throat 
where, by a vigorous cough, we can throw it out. Just in 
the same way the cilia of the Sponge produce currents in 
the sea water, which is drawn into the Sponge at the points 

hf and is being expelled again at the larger aperture a. 

I have now shewn you the Hfe-history of the Sponge, so 
far as mere nutrition is concerned. But Sponges will die 
like other folks, and their place has to be refilled ; before 
ahewing you how this is done, let me describe some other 
features of their internal structure. 

Birst, observe that, in addition to the homy substance 
tlmt forms the skeleton of the Sponge, we have spicula — 
little spines. Sometimes they are like pins with heads to 
them, and sometimes like needles. Sometimes the spikes 
are adorned with all sorts of fringes, constituting some of 
the most beautiful objects that you can purchase from 
dealers in microscopic curiosities. These spicula form 
additions to the skeleton. We find in one group that they 
consist of carbonate of lime. In such instances they are 
triradiate, like the three legs of the coat-of-arms of the 
Isle of Man. When three points radiate from a common 
centre yon may be sure they are calcareous, but when they 
are like needles you may generally conclude , that they are 
siliceous. 

One new form of Sponge has been brought to us within 
the last few years, the first specimen of which is now in 
the British Museum. Bor this specimen .£30 was paid. 
Then a few more came to England, and they were sold at 
prices ranging from ten to fifteen guineas. One day a 
friend of mine connected with the custom-house in London, 
was at the custom-house, when another of the officers said 
to him, Come here and I will shew you something that 
will astonish you.” He pointed to one box in which there 
were hundreds of these costly objects, then to a second 
which contained a similar number. Hobody could find 
out whose they were, or to whom they were consigned ; 
nor, up to the present day, has it been discovered, so far 
as I know, where they went to. Now and then an odd one 
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came out, and was sold for ten guineas j now, however, they“ 
are to be bought for a few shillings eacL. The Euplectella, 
as t hiH Sponge is called, is the loveliest object overproduced 
either by nature or art, and in saying that I am aware I am 
saying a very sti'ong thing. It is sometimes called the 

Yenus’s Elower-basket, and is 
composed of delicate threads of 
silica, like spun glass, arranged 
in regular geometric patterns. 
It is almost incredible that so 
exquisite a design could be pro- 
duced by a mass of jelly-like 
substance sim ilar to the Ammba, 
and which is not one bit more 
highly organised than I have 
shewn that animal to be. 

What gives that mass of jelly 
the power of constructing these 
elaborate skeletons, arranged 
in such geometric forms? It 
is the wonderful force which 
we recognise under the name 
of When men tell me 

that by bringing together cer- 



Eig. 22 — Diagrammatic repre- 
sentation of a section of a 
Hydra, a. Tentacles, b. 
Digestive cavity, c. Foot 
attached to a plant, d. A 
young ofiE^oot. e. A similar 
offshoot of the third gener- 
ation. 


tain combinations of inorganic- 
elements, they can produce- 
gelatine and albumen, and 
various other animal substances 
with which we are famil i ar — 
seeking to make me believe 
they have taken the first step 
in producing life, I challenge 
them to produce anything like what I have just described. 
I do not deny they may succeed in getting something 
like albumen or gelatine, but it is essentially dead — it 
possesses none of the powers of living protoplasm. 

We may next go to the Hydra, the fresh-water Polype 
found in the ponds of our own neighbourhood. There is a 
decided break between the animals I have just been describ- 
ing and this Polype. Pig. 22 exhibits a much more elaborate 
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construotion than Tve have Htlierto seen. We find arms^ 
called tentacles, at a, a true stomacli or digestive cavity at h, 
and a foot at c, by wHcb the object attaches itself to^^ed 
bodies. ITot only so, but there are sprouts growing out of 
its side which are chips of the old block. These offshoots grow 
precisely as the bud grows from the side of a young tree. 
You sow the seed of the oak, and know that in due season 
it "will spring up as a single shoot with a couple of leaves^ 
Watch its development, and you will see that leaf forms 
after leaf ; by and by fche stem begins to throw out buds 
from its side, forming a branching structure. These buds 
are produced in a perfectly intelligible way. If I had time, I 
could demonstrate that the process of their formation is 
very much the same as that by which the branch of the 
Hydra has been formed. The latter shoots out from the side 
of the parent animal like the vegetable bud; not only so ; this 
second geijiez'ation is often seen throwing out a third one, e. 
When the organism reaches this stage, the young gro-wths- 
usually become detached, and pursue life on their own 
account. By and by similar buds form both on them and 
on the parent animal, repeating the same history as before. 
These fresh-water Polypes exhibit; a life-history which gives- 
us the clue to that of numerous animals which we find on 
the sea shore. You are familiar with the corallines — the 
northern representatives of the corals found abundantly in 
ti'opical seas. These corallines are flexible, homy, and 
branch very elaborately. But when we examine their 
mode of growth we find it to be just like that of the 
Hydra, with this difference — in the Hydra, the young 
branches become detached from the parent stem; the 
coralline animals, being encased in a bomy coat of mail, 
are unable to detach their young shoots; hence they go on 
branching until they develop into complicated structures, 
often sustaining thousands and tens of thousands of Polypes 
upon a single stem. 

Associated in the same infusions "with the Infusoria 
about which I have been speaking, we often find another 
extraordinary group of creatures. Pigs. 23 and 24 
represent the most common of these Kotifera, as they 
are termed, in two states. > Pig, 24 exhibits him in 
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What is termed such, is often the union of a good head, self- 
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denial, and industry. It is tlie combination of these qualities 
that raises one man above another. The qualities may not 
be of the highest intellectual order, but they are qualities 
■worth having, provided they are honestly used. Such a 
man sets his ■wheels to work, and produces currents which 
converge at one poin'fc — his pocket. If there are any of the 
class of operatives present, let me remind them that the 
study of nature ever teaches us the necessity for mutual 
dependence. Bememher that whilst our wealthy friend 
is setting these streams in motion, and they are flo-wing 
legitimately to the fixed point I have indicated, every one 
of them is passing your mouths, and each operative who 
aids in producing these currents takes his snap at the good 
things which they convey. He gets his share ; and if he 
is sober and diligent, and exhibits the same qualities as his 
master does, he will not only rise higher and higher in tho 
social scale, hut sooner or later may be a master himself, 
W'hen we may hope the streams will meet in his pocket. 

These Kotifera have a digestive system, c, longitudinal 
and circular muscular bands, and a true brain, e. The 
bodies of these animals are so transparent that we can see 
’everything going on within them. 

The study of these Botifera is an extremely interesting 
one, since there are some curious points in their history. 
Dr. Oai'penter tried an experiment, which has also been 
tried by others. He froze a number of these objects in a 
watch glass on tha-wing them again he found that whilst 
some had perished several were still living. He then froze 
the living ones a second time, when a few more were killed. 
-A. third freezing destroyed them all. These Botifera are 
oommon in the spouts and guttei's on the tops of houses. 
Sometimes these gutters are filled with water, when the 
■animals are lively; but in the heat of the summer season they 
,are often dried up, when the Botifera are reduced to paiticles 
of mere dust. Some time ago the Bev. Lord Sydney 
/Oodolphin Osborne, the well known S. G. 0. of The Times, 
.©ent me some Botiferous dust in a pill-box. He had had 
it in his possession for months; but when I put a little of 
it into water, in less than five minutes the' animals which 
it contained were all in full action. I first sa-w little specs 
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of jelly, wMcb. in a few minntes expanded into perfect 
Botifera. They liad been in the dormant state in wbicli 
I r^eived them for monthB ; but “wlien they fairly got into 
tbe 'Skater they put their -wheels to work, and looked as 
if they were uncommonly hungry. ^ It was quite amusing 
to see how readily they took to their work of feeding. I 
kept some of the dry dust in my possession for seven or 
eight months, and at the end of that time, when a little 
di'op of water was brought in contact with them, they were 
as active and vigorous as ever. Here are creatures of high 
organisation, yet so endowed with peculiar qualities, that 
whether, on the one hand, we freeze tliem, or on the other 
dry them up, they stni live. 

This subject of vital endurance leads us to the consider- 
, ation of an allied, though different problem. You are all, 
probably, aware that within the last few years an old 
question has again come to the front and a-fctracted the 
attention of both the wise and the xmwise, the learned 
and the unlearned. I mean that of spontaneous generation. 

Our forefathei’S two centuries ago knew little of the 
inner seci'ets of nature. They supposed that frogs and 
other highly organised creatui^es were brought into exisb- 
ence by spontaneous generation — meaning by that that 
they were formed in some mysterious way, out of dead, 
inorganic, slimy earth, without the previous intervention 
of li-ving creatures. When investigation proved that these 
higher animals had not been formed in this way, men 
appHed the same hypothesis to other creatures of a 
lower order. Throughout the history of this subject the 
advocates of this doctrine have always retreated from 
position to position, from the known to the urLknown-— 
in the same way that witches, races of pigmies, and 
anthropophagi -with heads under their shoulders, were 
always described as existing in remote places about which 
little was known. 

The progress of zoological knowledge having shewn that 
none of the higher creatures were produced by spon-fcaneous 
generation, the Jn-fusoria, of whose life-history very little 
was known un-fdl -within the last twen-fcy years, were confi- 
dently referred to as iUuatrations of the doctrine ; but later 
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investigations have shewn that none of the higher forms- 
of these minute creatures are exceptions to the general 
rule that life alone produces, life ; and consequentlf the 
supporters of the doctrine are now compelled to fall back 
upon the lower Infusorial types — creatures which are so- 
minute that the study of their life-history becomes in the 
greatest degree difficult, and the results of that study 
obscure and doubtful. Let it be distinctly remembered 
that wherever we have been able clearly to ascertain how 
their reproduction was effected, it has proved to be in 
the strictest accordance with that of creatures of higher 
organisations than themselves. 

jDr. Bastian, of London, the modem advocate of the dis^ 
puted doctrine, makes certain infusions, and he ffnds that 
certain minute objects appear in them, which he declares to- 
have been produced by spontaneous genei-ation. He heated 
the fluids in which these things are developed, raising them 
to such a temperature as, in his opinion, must necessariljr 
kill all the germs of life. The experiments, we ai'e assured 
hy him, were conducted under such precautions that no such 
germs could re-enter the infusions from the suiTOunding air. 
Yet these infusions still exhibited, in a short time, minute- 
forms of animal and vegetable life. On the other hand, 
a very distinguished naturalist in Paris, M. Pasteur, 
declares that if such experiments are properly conducted so 
that the heat is equally diffused, every germ being actually 
killed, and no new germs admitted, this result w^ not be 
obtained. It is necessary for you to understand that the air 
is Hterally filled with such germs; you inhale them with 
every breath you take; whether or not they produce disease, 
as some suppose them to do, I will not venture to say. 

In these cases the qnestion resolves itself into one of 
accuracy of observation. My iHends, Dr. Eoberts, of Man- 
chester, Professor Huxley, and others, have gone over the 
same ground as Dr. Bastian has done, and their conclusions 
are more in accordance with those of Pasteur than of 
Bastian. . They say that when the observations are pro- 
perly carried on, and care is taken to exclude life from the 
bottles, no germs re-appear. 

I venture to affirm that in cases of this kind one positive 



28 


observation is 'svoi'tli a hundred negative ones. If D] 
Bastian tells me he has taken all needful precautions, an< 
^et life invariably gets these germs, I venture to ask whethe 
it is not possible there Las been some undetected loophoL 
-through 'which the germs may have entered the infusions 
IBut, on the other hand, when I find that a man' like Dr 
IRoberts conducts experiments again and again, and obtain? 
positive results, the opposite of those obtained by Dr, 
dBastian, and this too, after his infusions have been kepi 
for months, I say, one such observation is worth a hundred 
xiegative ones. 

Witliin the last few weeks some important observations, 
■‘bearing upon this subject, have been made by the Bev. 
~W. H. Dallinger and Dr. Drysdale. Owing to some 
i'emarkable peculiarities in the aspect of the minute Infu- 
sorian which was the subject of their study, they were 
enabled to follow its life-history with considerable success. 
This result was obtained through persevering observations, 
'■cluri^ the continuance of which the two observei^ suc- 
cessively relieved each other at the microscope. Fig. 18 
I'epresents a common form of the Monad, as the minute 
Infusorian in question is called. They found thafc it multi- 
plied through various modes of mechanical subdivision, or 
fission, as iu the animals described in an earlier part of tliis 
lecturej but the portion of its history which bears in the 
most important manner upon the question of spontaneous 
generation is connected witL the peculiar structure of the 
posterior half of the body of each Monad. As shewn at 
- ^3 portion of the organism consists of a more 

granular form of protoplasm than its opposite extremity. 
Under special circumstances the skin enclosing the granular 
paif becomes ruptured and the granules are liberated The 
oDse^ers found thafc each of these Hberated granules 
cleveloped into a perfect Monad in the course of a few 
Jh onrs. 


These facts shew us that the process of Fission occurs 
'amongst these very miuute forms, which are not more than 
of an inch m length, just as in the Sponges, and in 
-ttLG larger Infusoria. Eemember that we are now oonsidor- 
'mg creatures so minute that fifty years ago it was almost 
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beyond the powers of existing microscopes to make any* 
trustwortliy study of them possible.. The lens of the 
microscope used was l*50th of an inch focal length, while 
few persons are in the habit of using lenses of higher 
power than the l*8th or the IT 2th of an inch in searching 
out the hidden secrets of nature. Yet, on applying this, 
power of l*60th of an inch to these minute objects, we find 
the same laws of organisation and reproduction preTailing 
amongst them as exist amongst the more conspicuous ofi 
these early forms of animal life. 

These gentlemen exposed the above animals on seven 
occasions to a dry terhperature of 121° centigrade, which 
is considerably above the boiling point of water, and found 
that it killed all the parent and mature animals, but in two 
instances it did not kill the granular germs. They found 
the latter still living, and watched their development into 
the well-known mature forms. They thus obtained the 
proof, supposing that these experhnents were accurate, of 
what we long before believed to be true, viz., that the 
tempei^ature which killed the parents left the germs pos-* 
sessed of life. 

That this was the true explanation was shewn to b© 
probable by their next experiment. They raised the tem- 
perature of the fluid in which the animals lived to 66° 0.,, 
and found that this sufficed to kill all the adults, whilst 
the germs survived even after that temperature had been 
raised to 127° C. 

If I were asked to believe that a man walked- through the 
streets of Glasgow with his head under his arm, I should 
obviously want a very strong amount of evidence before I 
believed the statement, and so would you. So it is with 
any alleged facts that run counter to the known history of 
protoplasm ; we demand unusually strong evidence befox'e 
.we accept such allegations. W e have seen what protoplasm 
does on a large scale in the larger animals, and as we 
trace it downwards amongsfc the minuter forms of life, we see 
that in its nourishment, its growth, and its multiplication it 
exhibits certain phenomena that have a common existence 
in all organisms from man down to these lowest Monads. 
The little atoms of protoplasm contained in the Jmman 
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Iblood multiply by subdivisiou in tbe same way as the 
prot(mlasm does amongst these creatures. The Protoplasms 
whicn fill the ceUs of all animal bodies, as well as those 
universally diffused throughout the vegetation of the world, 
.^0 multiplied in the same way by successive fissions as in 
those I have described to you. We tlius see that when we 
trace the highesb vegetable organisms down to their simplest 
states, we find precisely similar phenomena to be of uni- 
versal occurrence. 

Hence we have every reason to suppose, judging from 
^analogy, that if we succeed in effectively studying forms 
yet more minute than those with whose life-history we are 
^eady acquainted, we shall find the same processes still in 
■action. "V^en Hewton and the older astronomers turned 
their telescopes to the stars, they knew nothing of the 
remote systems which modem astronomers have succeeded 
in discovering. Hewton shewed us how the nearer planets 
;and the remoter stars obeyed the same law of gravitation. 
Have our modern astronomers, as they discovered yet re- 
moter planets and newer nebulas, found the law of gravita- 
i}ion reversed? Ho j they see the same mysterious force 
Tegulating the movements of the most distant as well as 
/the nearest suns. They find everywhere in the heavens 
unity in the forces of nature; in like mswaner when we 
have traced these vital processes down amongst these minute 
■atoms, and found no material change in their nature, we are 
fairly justified in assuming that as we trace them yet lower, 
we shall discover a similar continuity of known vital actions. 
If this be tine, we are landed in a position which makes me 
utterly fearless in relation to the investigations of science. 
I know I have nothing to do herewith questions of theology. 
But in admitting the possible correctness of some scientific 
doctrines which to you may appear to have dangerous 
tendencies, do not imagine from my making such admissions 
that I am a friori hostile to that Christian faith which I 
.cherish in common with most of yourselves. It may be 
frue that my remote ancestor was a monkey. I do not 
tcare if he was ; he has done me no harm, and may have 
handed down, to me some’ vigorous activity of body, the 
Tesult of his woodland life. Heither do I care if evolution 
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proves to be true— if every Hving orgsinic thing that now 
appears in nature once emanated from one solitary germ 
•of life, I do not fear, becaitse, instead of such, a theory 
enabling us to dispense with the God of nature, the reoog- 
xiition of a creative Po-wer is as necessary to explain the 
•origin of that one primary germ, as to explain the existence 
of the world itself. If it be true, as I have heen teaching 
.you, that no life appears, except as the product of pre-existing 
life, it is equally true that there has been an unbroken 
continuity of life from the beginning down to the present 
'time. 

I believe that the philosophy of the evolutionists em- 
bodies a vast amount of timth, and that their inevitable 
recognition of the fact that organic life had a beginning 
ripon the earth, and had not existed throughout eternity, 
is not the least important of the conclusions involved in 
■fell at philosophy. The high-priests of the evolutionist 
scliool tell us that organic life is now a much more com- 
j>lex thing than it once was, and that the more complicated 
•organisms have been gradually evolved out of others that 
were less complex. We are -bhus led back to a point of 
■fciine when the first germ of life dawned upon the earth ; 
hlixs is important, because -we have not the same proofs 
iilxat the inorganic universe had such a begiuning. Those 
■wHo argue in favour of the eternity of matter are not so ‘ 
easily answered as are those who contend for the eternity 
•of life and organisation. But 'if there was a time when 
so important an element <3f the world’s being as life was 
non-existent, and yet another time when it began to exist, 
ih "becomes somewhat probable that the inorganic world 
Bad. a beginning likewise. Be that as it may, the truth 
•of which I am speaking accords, as far as it goes, with 
hlie first of our great scriptural beliefs — ^viz., that there 
was an origi%*jr^. a Creator of all things. 

The advor , spontaneous generation may however 

admit this f q^i^may contend that they only 

connect creation^.^fch j? ^Pur^tor at an earlier stage of His 
work, and that Ee.;wto endowed the first germ with its 
marvellous functions displayed a yet mightier power when 
Tie endowed the dust of the earth with similar poten- 
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tialities. TMs is doubtless true ; but I contend that -we 
yet l^ck all proof that dead, inorganic matter can be con- 
verted into living matter, save through the agency of pre- 
existing life; and it is my firm conviction that no such 
proof will ever be obtained. The chemist may so com- 
bine atoms as to obtain products like dead albumen and 
similar animal substances, but he has hitherto faded to 
endow them with life. They cannot imbibe nourishment 
fi'om without, multiply by dividing and subdividing, ever 
growing as they do soj in a word, they lack mtality. 

If any who now listen to me think that I am lowering 
their grand conception of a Deity by thus possibly reducing 
part of His creative work to the production of a solitary 
germ, I confess I cannot agree with them. If such a germ 
contained within itself the potentiality of development into 
the entire living creation, I confess I cannot conceive of a 
higher manifestation of creative power than is involved in 
its production. The' being who originated such a germ 
must at least correspond with our feeble conceptions of 
Him whom we reverently call God. If so, I think we 
cannot avoid going a step further, and exclaiming with one 
of England's noblest intellects — 

If there’s a Power above ns, 

And that there is, all nature cries aloud 
Through all her works, He must delight 
lu virtue, ” 


, C/)7} 




COAL AND COAL PLANTS. 


Professor Williamsoit said — On walking to-day tkrougli 
Olio of yolir most busy thorouglifares, as I met face after 
face in the moying crowd, I could not help thinking how 
intense would be the interest if I could have placed in my 
hands an accurate and minute history of the life, the 
sorrows and the joys, the difficulties and the triumphs of 
each one of the individuals that I thus met. If such a 
record of even the humblest of those whom I saw to-day 
was placed in our hands — one that revealed the whole 
innermost heart and soul of the individual — I need scarcely 
say how great would be the interest of such a story. In 
precisely the same way, and in accordance with the same 
principles, I hesitate not to affirm that there is no object 
in Nature of which the Almighty is the author, that, if 
expounded by those who know all that can be known 
respecting it, is not capable of exhibiting a similar measure 
of interest. Every object in creation has had a beginning 
and a progressive life — ^has undergone a series of changes, the 
results sometimes of the operation of dead forces and some- 
times of living ones; we never see anything that has 
always been exactly what it is when our eye rests upon it; 
it has in every instance once been something different to 
what it is now; and the attempt to follow the changes it 
has undergone, and the causes that have produced those 
changes, cannot fail to produce a measure of interest in the 
mind of every intelligent being. In accordance with the 
wish of your Committee, it is my object to-night to deal, so 
far as my humble powers will enable me to do, with Coal. 
Coal, as you know, is in itself a sufficiently dark object. 
But as the illumination of this room shews, when properly 
reated it is capable of giving out a considerable amount 
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of physical light. But instead of looking at it to-night in 
refefence to the light it can thus throw upon ns, it ijs my 
object^ to see what amotmt of light I can succeed in 
throwing upon it. * 

The first question that meets us in a study of this kind 
is, Wliat IS coal? Having obtained the answer to that 
query, we will next try to learn what coal was; that point 
also being settled, we will endeavour to ascertain how it 
has been changed from what it was to what it is, and how 
It came into the places where we now find it. At a very 
early period in the study of geological science the question 

‘ history of coal became a 

^ ^ prominent one. At fii'st it was 

supposed, as you will believe 
probable, that coal was a mere 
mineral product, as gold and 
ii'on and other similar thino-g 
are mineral products. But at 
length the probability that it 
might have had a vegetable 
origin dawned upon the minds 
of some thoughtful men. This 
doctrine of the vegetable origin 
ot coal soon received universal 
acceptance from the scientific 
public. But as there may bo 
some here who have not had 
an opportunity of tracing the 
process by which scientific men 

^ L^Pinnule of a hW ' 

frond from the Coal meaaar^ ^ 

Thanks to the assistance of ^ 7ou. 

“brL“JlS w,?“ P“»”. Mr. 

an bringing together thrspeci^nc^^ if 

an my hand a piece of blue ehale oKf “e, I have 

It IS merely a piece of Wened * colliery. 
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something presenting a mere resemhlance to a fern leaf, 
but that it -was once part of a liying plant. On examifiing 
this specimen further, I see that it is no longer green but 
black. I scrape a little of this black substance from off the 
stone, I subject it to the ordinary chemical tests, and I find 
that in every point it proves itself to be coal. I thus see 
that, however the process may have been accomplished, 
there is in hTature a power capable of transforming a 
gi'een vegetable stmcture — a leaf of a well-known type 
— into the mineral substance that you know as coal. 
I turn from this specimen and take up a large block 
of ordinary coal. On handling a cubical fragment I 
find that I can touch it on its shining lateral sur- 
faces without producing any material defilement of my 
fingers. But I discover on the upper surface a layer of 
matter every touch of which does defile and blacken the 
hands; on examining this grimy surface with a microscope, 
I see that it is entirely made up of small fragments of 
wood. This is a layer of what is technically called mineral 
charcoal. You may sometimes have seen an old post or 
dead stump of a tree far advanced in decay. You may 
have noticed how it broke up into little square fragments, 
each, generally speaking, about half an inch in diameter. 
A . similar disposition to break up into cubical atoms vn-ll 
be seen in the half-burnt log blazing on the Christmas 
hearth. Some similar process of decay has taken place 
here, and this blackened surface of the coal which always 
defiles our fingers, consists of a layer of such fragments. 
In the thickness of a small block there will be scores of these 
layers of wood. The microscope shews that each fragment 
is not a portion of a leaf, but of true wood; and yet, as in 
the case of the leaves, we see that these fragments are 
turned into genuine coal. We thus learn that Nature, 
by powers with which she has been endowed, is equally 
capable of turning leaves and wood into coaJ: I could 
shew you other specimens on the table, demonstrating 
that Nature is also capable of turning bark into coal ; and 
what she can do in the case of one leaf, of one fragment of 
bark, and of one piece of wood, she is equally capable of 
doing with a cartdoad^ or with any conceivable quantity 
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o£ sucti materials. If site can do it with one atom she can 
do with aUj and she has done so. I think. I have now 
succeeded in demonstrating to you the exceeding probability 
that coal was originally a vegetable substance. The next 
question that meets us is, In what shape and under what 
circumstances have these vegetable materials been brought 
into their present condition 1 Most of you have probably 
heard enough of geology to know that a very considerable 
portion of the surface of the earth’s crust is made up of 
varying layers of rook superimposed one upon another ; 
layers of rock which water has been the great agent in 
bringing into the positions where we now find them. 
You know that when muddy water is allowed to stand 
still in a vessel, the mud suspended in it sinks slowly to 
the bottom. That which will take place in a vessel upon 
your table also takes place in the sea, in the lake, and in 
the still reaches of the river. Such processes have gone 
on throughout all time, and often on the most gigantic 
scale. Seas have thrown down their sediments, which 
have accumulated, layer xxpon layer, at the bottom of the 
water, over geographical areas thousands of square miles in 
extent, and to incredible thicknesses. Lakes have, in like 
manner, become filled up with similar sediments. Hi vers, 
which in some parts rush rapidly over their beds, iu others, 
where the deepening of the bed has made the current less 
powerful, move slowly and sullenly; and inasmuch as the 
carrying power of the water is proportionate to the velo- 
city of its motion, the moment that velocity is checked, 
m any way, it loses a correspondmg amount of that carry- 
ing power. This check may be occasioned by the widen- 
ing or deepening of the bed of the stream, or by some 
accidental impediment interrupting its course; as the ‘^bars” 
of rivers are accumulated where the mouth of the' river 
suddenly opens out into the wide, still ocean. However 
produced, all checks to the onward flow of the current 
cause the sediments to sink. Thus are produced layers of 
mud, of sand, of gravel, of stones, of whatever the river 
or ocean current may be tronsportiug, the coarseness of 
the materials conveyed dependiug on the force with which 
the currents moved. This tendency of water to become 
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silted tip, ’4f the processes described were allowed to go < 
BufS-ciently long, would ultimately bring the floor of a fal 
or ocean up to its surface. Sooner or later your lak 
would become stagnant marshes, your oceans vast shallo 
lagoons, and a large portion of the earth would thus 1 
covered by a thin layer of water in which there were i 
deeps. Counteracting agencies have prevented thei 
results from taking place. Disturbances of the crust < 
the earth, occurring in all ages, have produced inequalitii 
in the depth of the sea and in the heights of mountain 
Some portions of the earth’s crust, even whilst I speak i 
you, are being Hffced up, others are being depressed. 
only so, but these changes take place over Very wide area 
Hundreds, and even thousands of square miles in on 
part of the globe are being gradually and slowly raisec 
whilst other equally extensive areas in other regions ai 
being depressed. In accordance with this idea, I may aa 
broadly that those parts of the earth’s surface on whic 
coral islands and coral growths are actively increasins 
are in a sinking condition, as Darwin has demonstrated t 
us. On the other hand, wherever you have volcanic peak 
in a state of activity, you have the opposite action gom; 
on. When the geologist appeals to rismga and fallings o 
the earth’s crust on a vast scale, some people are apt t^ 
say he is appealing to his imagination. But this is not so 
He is speal^g of changes which he knows to be goin^ 
on on the surface of the globe at the present day, anc 
the remark applies equally to the formation of deposit! 
from water — “aqueous” deposits, as they are technically 
called. Let me here utter one word of apology for hein^ 
obliged to use a few hard and technical words. Whereve] 
I can convey scientilic ideas to your minds in good, plaix 
Saxon English, good, plain Saxon Enghsh you shall have 
But occasionally terms are needed for which our Sax or 
forefathers provided us with no substitutes, and therefore 
we are obliged to fall back upon such as are fui-nished b;y 
the classic tongues of G-reece and Borne; and I regret tc 
say that the cases of such necessity are very frequent in 
science. But the further justification of their use is a 
yevj simple one. You must recollect that the lan^age 
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of soience is not for Englishmen alone. It is for the 
cultfvated intellects of every nation upon the face of the 
earth ; and, consequently; it must be so framed that the 
learned Germ^, the Hindoo, the Chinese, and at some 
future time the native of TimbuctoO; must be able to 
understand the terms employed as well as ourselves. 
But since to-night I am chiefly speaking to a British 
audience, I shall not introduce more of these terms than I 
can help. The depressions and elevations of which I was 
speaking have continued to be produced through an in- 
deflnite number of years; I won’t attempt to say how 
many they may have been, because we have no data 
enabling us to determine that point.’ But I think I may 
now venture to affirm, witliout fear of contradiction, what 
it would have seemed a great heresy to affirm fifty years 
ago, that they may more probably he numbered by millions 
rather than by tbousonds. 

After these changes had gone on through vast periods 
of time — periods during which every pai't of the known 
surface of the earth had been more or less modified and 
covered by stratified rocks — the age aiTived in which 
our British coal-beds were formed. For a long time we 
supposed that no coal-beds had existed in rocks older 
than those in which you find them in Scotland; than, for 
example, your coal-beds of Burdiehouse, of Fifeshire, and 
of your own more immediate neighbourhood of Glasgow. 
But we now know that there was a yet earlier coal-tield. 
You have in Scotland a vast deposit, which one of your 
most illustrious countrymen has made so classic. You 
can boast of many great names, hut there is none enrolled 
in the annals 6f Scotland that for honest enthusiasm, for 
broad intelligence, and especially for the most eloquent 
use of good, plain Saxon English, will ever stand higher 
than that of Hugh Miller. Hugh Miller has shewn us 
that Scotland is now composed of groups of rocks set in a 
framework of what geologists call the Old Bed Sandstone. 
This Old Bed Sandstone once covered a great portion of 
yoim country to a vast thickness ; but most of it has again 
been removed by “denudation” — that is, by the mechanical 
action of ice amd water. This Old Bed Sandstone belongs 
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to tlie period immediately preceding tlie Carboniferon 
age, or age of coal. But we now know that even then thi 
existed, in the western hemisphere, coal , forests just 
magnificent as those which existed at the time when t 
coal-beds of Burdiehouse were being accumulated ; so th 
thousands and tens of thousands of years before the peri 
when our geological forefathers supposed coal plants ai 
coal deposits to have first existed, the labours of roy friei 
Dr. Dawson, of the McGill College, Montreal, in Canad 
have shewn that there were forests in his part of tl 
world equally magnificent, and that they have left behir 
coal-bearing deposits equally important, with those of oi 
own island. Hence we must no longer limit such deposi 
to the true “Carboniferous” rocks. 

The next question which I have asked now seeks i 
answer; a question equally appropriate whether thei 
coal-beds belong to the Old Bed Sandstone deposits < 
Scotland and Canada, or to the newer deposits of your ow 
Coal formation; in both cases we equally find beds of cot 
varying from a few inches to several feet in thicknes 
and we have seen that these beds represent vast acci 
mulations of vegetable matter. • How have such quai 
titles of vegetation been brought together, so as to b 
capable of producing deposits often ranging ov^ bill an 
dale for many miles of continuous extent, and with con 
parative uniformity of thickness ? The old idea was tha 
vast vegetable rafts had been accumulated in the bed of th 
sea, the materials of which they consisted having been firs 
carried tbither in the shape of drift-wood. It was known t 
the earlier geologists that large rivers, like the Mississippi 
brought down in times of flood immense quantities of vege 
table matter — trees that had fallen into the water by th' 
wasting of the river banks, or conveyed by the floods whici 
overspread the forest-clad plains through which the rive: 
flowed. It was found further that these masses of vegeta 
tion floated about on the sea in the shape of huge rafts 
until they became saturated with water, when they sanl 
to the bottom. It was supposed that such vegetable massei 
became overlaid with deposits of mud and sand, and ulti 
mately converted into coal. But when men came to considei 
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tave heard, but whose name will always stand high in 
geological history — ^was then an earnest, hard-woi^dng 
geologist in Cornwall. He there noticed the important 
fact, that wherever there was a bed of coal, that coal 
rested upon a very peculiar bed of clay, which in England 
we know by the name of fire-clay, because it is the clay 
of which fire-bricks are made. On comparing Logan’s 
observations in Cornwall with what we saw in our 
collieries in Lancashire, there was everywhere found to 
exist the same relationship. The bed of fire-ol ay invariably 
underlies the bed of coal. This relationship is shewn in 
. Eig. 2j in which a, a, represent beds of coal, and Z), 5, the 
subjacent fire-clay. A constant relationship of this kind was 
cleaidy not the re- 
sult of accident, 
but involved 
some important • 
meaning. The 
next discovery is 
represented in 
the same diagram 
by the letters 
d, d When the 
railway between 
Manchester and 
Eolton was made, 
it was found that 
some fossil trees 
of the kind re- 
presented in Fig. 

3 were standing 
upon the coal in Eig.,3.- Stem of a Sigillaria, like d, d, of Kg. 2, 
a perpendicular staiuW won the coal, o, with the subjacent 

position. But ' 

their roots had evidently struck through the coal, and 
extended themselves into the clay beneath the coal. 
W^e have magnificent models of these trees, of the 
natural size, in our Owen’s College Museum at 
Chester. At the time in question, the present distiu- 
guished president of the British Association, Sii* John 
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Hawkaliawj was tlie engineer of the Bolton line. Having 
the ejre and heart of an intelligent geologist, he saw the 
significance of these trees, and took proper measures 
for their preservation. ISTot only were the casts taken to 
which I have already referred; hut a shed was erected over 
the trees to protect them from decay, though I fear that 
the latter precaution was unavailing, and that the trees 
are now mouldering away under the destroying influence 
of the atmosphere. This discovery naturally connected 
itself not only with that already made by Sir William 
Logan, but with a second one, to which attention was 
called by that distinguished geologist. He found that in 
the clay under the coal there invariably existed immense 
quantities of fragments of a plant, which in those days 
was known by the name Stigrna/na. Pig. 4- represents a 
. fragment of this 
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Fig. 4.— Fragment of a Stigmarian root: a, 
Bears from ivhich rootlets, like 5, 5, have 
been accidentally detached; c, the iimer vas- 
cular zone surrou&twj by a thick bark, 

extremely regular order. At that time 


JStigma/na. This 
plant, in the con- 
dition in which 
we usually find 
it, looks like a 
hit of a tree that 
has suffered from 
a fit of the small- 
pox. On study- 
ing such speci- 
mens in detail, 
we find that these 
curious little 
pustular spots, 
a, are merely 
points from 
which certain 
slender rootlets, 
5, were originally 
given off — such 
rootlets being 
arranged in an 
we did not know 


that these were rootlets — iudeed, we were very much 
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perplexed to kno'w what these Stigmm'ia were. We found 
their branches running away in radiating lines, extending 
fifteen or twenty feet &om a dome- shaped centre. Every- 
body was perplexed with this plant. It was supposed by 
many to have been a floating water-plant j that these 
little rootlets, 5, were its leaves, and that the small 
impressions, a, the points from which similar leaves 
had fallen. But finding that the trees standing on the 
coal had obviously plunged their thick roots through 
the coal into the fire-clay below, and the further impor- 
tant discovery being made by my friend Mr. Binney, 
that these Stigmarian structures were neither more nor 
less than the prolonged roots of the Sigillarian stems, 
it became evident to everybody that the trees in ques- 
tion must have grown where they stood ; that the 
fire-clay, filled *with their Stigmarian roots, was the 
soil on which fche trees had flourished, and that a coal- 
seam represented the site of a more or less ancient prim- 
seval forest. Thus the drift theory received its death- 
blow. Other facts of the same kind were soon met with 
in various parts of the world — especially in Nova Scotia 
— shewing that the new theory explaining the sources 
of our British coal-beds was of world-wide application. 
But the further question now arose, What was the exact 
relation of the coal to the trees which must have over- 
shadowed it? No one that has taken a walk through 
a pine forest would have any difficulty in giving a 
probable answer to this question. Go into a pine wood 
of forty or fifty years^ duration, and kick your foot into 
the ground. .You do not find there ordinary earth. 'You 
have the leaves of pines, the cones of pines, fragments of 
the branches and twigs of piues, decayed and broken off, 
the former being what is called deciduous,” and the 
latter having been thrown down by the storms of winter. 
You find this vegetable soil to be of considerable depth 
surrounding the roots of the living pine trees. It is the 
accumulated product of the fallen portions of the trees 
that constitute the forest. When once pointed out, the 
resemblance between the vegetable soil that accumulates 
in such a forest, and the coal-beds of which I have been 
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speakang, became so obvious that there was no longer 
any room for doubt, either that the plants had grown 
in tlfb spots where the coal now is, or that this coal 
was merely a thick bed of vegetable soil, which had accu- 
mulated toough successive ages by the fall of portions of 
plants that grew there. But while the larger trees thus 
furnished a part of the growing mass of earth, you will 
readily understand that smaller plants would also live 
and flourish on the surface of the soil. Go into such a 
wood now, and you find growing under the trees various 
smaller plants, especially ferns. Here we have all the 
materials essential to the formation of a bed of coal. 

But we have still to account for the existence of forty or 
fifty such beds of coal, one above another, sometimes sepa- 
rated by narrow intervals, and at others with thick inter- 
vening strata of shale or sandstone separating them widely 
apart. Such sandstones are merely layers of hardened 
sand, as the beds of shale are, in like manner, merely har- 
dened layers of fine mud. How did these aqueous deposits 
come there ? We know that when they were accumulated 
water was at work. We only find an explanation by 
falling back upon the doctrine of areas of elevation and of 
depression, to which I have already referred. There is 
no doubt that these coal-beds were accumulated on areas 
of depression. After a time the forest-clad land sank 
under the water; whether it was salt or fresh water is now 
a matter of discussion; but I have little doubt that both 
seas, rivers, lakes, and estuaries shared in the work of 
burying up the layer of vegetable soil. How trees, as 
a rule, do not like living in water. Many of those 
which constituted the Carboniferous forests were probably 
adapted for living in a swampy soil, but they would not be 
likely to live in a deep lake or in an ocean. . At the same 
time their dead, half-submerged stems would continue 
to stand long after they had sunk below the water. The 
consequence was that the stems of the trees whose bases 
were below the water-line became surrounded by layers 
of sand and other materials, whioh accumulated year after 
year, until at last this earthy material rose to the surface 
of the water. The central portions of fhe stems rotted 
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.^ing mere cylinders of L.oUo'w bark encased in 
lae stems, tlins weakened, would yield to s^rms, 
upper portions would bo blown down. The de- 
Dd of tbe interior of tbe submerged stem would 
out, wbilst tbe water wbicb removed tbe vege- 
^xaents would wasb into tbe vacant cavity sand 
a-long with shell s, bones of animals, and sucb 
;ed fragments of other trees as would be heavy 

> sink rather than float. In time, the action of 
sterious agency, of which we are altogether 
produced once more at the surface of the shoal 

of blue clay in which these ancient plants evi~ 
lighted more than in any other soil. You know 
as soil is concerned, cabbages have their likes 
ces, and so it was with these Carboniferous trees, 
-liar kind of mud which ultimately became con- 
:»o fire-clay, was the only one in which they appear 
Lourished. Other kinds of mud produced shale 
atone; but if seeds found their way to such, they 
o take root in the uncongenial 'soils, but on 
fclie fire-clay such seeds germinated, and rapidly 
His mud over with a thick layer of vegetation. 

5 Successive processes were repeated again and 
til a mass of rocks, varying from 4,000 to 10,000 
Lickness, was produced, and it is this collective 
L'ocks which we call the Coal measures. 
xg that I have succeeded in shewing you how 
has been accumulated, there next arises the 
How is it that we have such important dif- 
in the qualities of coal'? I will venture to say 

> few ladies in the room who do not take a 
interest in this pait of our inquiry, whatever 

>ands may do. But I will go a step further 
■there is one part of the community that ought 
to take such an interest, and that is the 
ves. I remember some years ago reading a b,)ok 
■tio economy which pointed out a very signiflcj Xnt 
course, every young wife who knows her duty 
xiake home comfortable for the young husband, 
igst the most important elements in the comfort . 
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of tlie early iiome is the power of making that home 
attractive when the husband returns fi'om his business 
toils at the close of the day. The shrewd writer to whoiu 
I have referred pointed out that, on entering the bonse 
on a cold day, to take up the poker and stir up the fire 
an instinct inherent in human nature. Dealing with the 
practical aspect of the question, the winter virtually said 
to the young wife,—'' Take care to have ready for yoyir 
husband a fire with a good crust on the surface, that will 
burst into a cheery blaze as soon as he thrusts the polcer 
into it.” It is simply impossible that this pleasant littlo 
result could take place unless you have a good coal to 
deal with. Hence my affirmation that the quahties of coal 
have a practical interest for the younger wives. I need 
scarcely say that there are many bad coals and some very 
•good ones. Some of the bad ones won’t blaze at all. Some 
of the good ones blaze extremely well What is the 
reason for the difference between the two ? Before ex- 
plaining this point, let me call your attention to the 
following table, which you will find published in tbe 
adnnrable little Manual on Ohemistry^ written by my 
distinguished colleague in Manchester, Professor Boscoe. 
It gives the chemicaL composition of the several objects 
named in it, exclusive of the ash left by combustion 


Wood Fibre, 

Irish Turf, ^ . 

Cologne Lignite, 
Wigan Camrel, . 
Newcastle Hartley, 
Wdflh Anthracit©, 


Hydrogen. 

Carbon. 

Oxygon and 
Nitrogen. 

6-26 

62*65 

42*10 

5*8S 

60*02 

34*10 

6-25 

66*96 

27*76 

6*85 

86*81 

8*34 

6 -61 

88*42 

6*97 

3-38 

9405 

2*67 


You know that if you hum vegetable structures yon 
drive off certain elements, but there is left behind a 
visible ash. This table shews you the relative amounts 
of the gases thus driven off. There is a column for hydx*o- 
gen, the gas which we burn in a modified shape ; one foi' 
carbon, familiarly known to its in one of its forms as 
charcoal; and one for oxygen and nitrogen, the two 
gases which form our atmosphere. If you take wood 
fibre as found in an ordinary piece of wood, you see 
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from tlie table that the carbon constitutes about one^half 
of its substance. As you descend the scale through turf 
and lignite or halhformed coal, the carbon increases in 
proportion to the other elements, until you come to the 
l3ottom of the list, where you have the non-bitum i nous 
anthracite or culm coal of South Wales, in which you find 
that there is 94 per cent, of pure carbon. I need scarcely 
tell those familiar with chemistry that a coal like the Welsh 
anthracite would not do for the young wives of whom I 
have spoken, because no amount either of heat or of 
pokering would make it blaze freely. The flame is pro- 
duced by the hydrogen gas of the coal, and if the hydrogen 
is not there the blaze will not be forthcoming. This 
hydrogen was originally in the vegetation which has been 
slowly and gradually changed into coal by a succession of 
<}hemical and mechanical processes. Whither has it gone 
in the case of the bad coals? It has disappeared in a variety 
of ways. Coal has probably been millions of years in form- 
ing. You see that the Irish turf contains more hydrogen 
in proportion to its carbon than coal, but less than new 
wood. Subjected to a slow decomposition affecting atom 
after atom, through vast durations of time, the vegetable 
mass has inevitably allowed some of its more volatile gases 
to escape into the atmosphere. You !^ow how difficult 
it is to bottle up these gases ■ from the readiness with 
which an escape takes place if you have the smallest 
impeifection in your gas-pipes. If the vegetable matter 
which was being converted into coal were not firmly en- 
closed beneath a layer of gas-proof clay before the chemicfil 
changes to which I have referred to took place, some of 
these gases would inevitably be lost. The carbon not being 
volatile, had not such a tendency to fly pff ; the quality 
of the coal would thus depend very much on the nature 
of the rocks which overlay the bed of coal. If these con- 
sisted of a very solid bed of compact clay, then the gases 
liberated during the slow chemical alterations which the 
coal underwent, would be retained as in a closed bottle; con- 
sequently, as the elements of which these vegetable masses 
consisted, after being partially severed, were re-combined 
in their new and fin^ condition of coal, all these volatile 

a2 
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gases T 70 uld again be locked np in the coal, giTing to it 
excellent qualities for ordinary burning purposes. But if, 
on th« other hand, yon had a porous roof overhead, your 
coal -would suffer just as the qualities of a bottle of pure 
Olenlivet would suffer, if you merely closed its neck with 
porous cotton wool instead of with a good firm cork ; the 
strength of the whisky would very soon fly off, and so it 
is with Nature’s coal-bottling, A coal with a covering of 
loose porous sand would be liable to lose all its best 
gases, and -^th them most of its best quaKties, so far as 
household purposes are concerned. 

I have, I think, shewn you how one coal is Liable to be 
made better than another; but I am now going to shew 
you practically the difference between a good coal and 
a bad one, by exhibiting to you a charming example 
of the former class. I daresay you all know something 
of the occasional difficulty of getting a fire to light. If 
you had such a coal as this you would have no such 
difficulty. [The professor here lighted at a candle a piece 
of coal, which blamed up quickly wdth a steady flame.] The 
material which I am now burning has some degree of 
historic interest. It is the well-knowm Boghead coal, from 
which the first manufacture of Paraffin oil was made. 
Why does it bum in this way 'I Becatise it contains such 
an enormous amount of hydrogen gas. You probably 
remember that some years ago a very celebrated trial took 
place in Edinburgh. The great question in dispute was 
the true nature of this Paraffin Boghead mineral. The 
owner of the estate had sold the ■“ coals ” upon it; but he 
contended that the Boghead mineral was not coal, there- 
fore he had not sold it. Scientific -witnesses were brought 
together almost from the ends of the earth, and the question 
put to them was — “ Is this coal, or is it not V’ A certain 
number of these learned gentlemen said “Aye,’* and a 
certain number said “Ho” — a not -uncommon phenomenon 
ia law-courts. Some of the vitnesses said it was not coal, 

, because it was dull and not shining. But oddly enough, 
at the same time, a similar trial was going on in America 
about another coal, and them the opposite view was taken. 
It wafi urged that the American sample could not be coal. 
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*becatise it was sLirdng. Tlie judge at Edinburgh, taMng 
a practical commonsense view of the matter, decided that 
the mineral -v^^as coal, and Mesera Young & Binney reaped 
the advantages of this judicial decision. I have shewn 
you a good coal; I need not shew you a bad one — you can 
get that anywhere. 

We 'will now proceed to consider what the plants were 
out of which coal was formed. Here we have no difdculty, 
because of late years our knowledge of these plants has 
made such extremely rapid advances, that we are almost 
as familiar with the forests of the coal ages as my botanical 
friend behind me (Professor Dickson) is with the forests of 
Scotland. *What, were these Carboniferous forests? Were 
they composed of trees like those that grow around us 
now? Certainly notl Were there any Oaks, or Ashes, or 
Elms? Nothing of the kind. The forests were composed 
of plants that now grow only as dwarf herbaceous objects, 
chiefly creeping on the ground. Botanists travelling over 
Scotch mountains are suflflciently familiar with the group of 
plants known as club-mosses, or Lycopods. These Lycopods 
now rarely rise more than two or three feet from the 
ground, even in their most developed tropical forms. 
They have not strength to support themselves at any 
greater elevation, therefore they creep like other weak 
things that cannot sustain themselves; The relatives of 
these Lycopods constituted the principal and most con- 
spicuous objects in the forests of the Carboniferous period; 
but instead of being the lowly objects which we see living 
around us, they then reared their heads as lofty forest 
trees. Here is a small stem (shewing specimen), a part of 
a tree such as is represented in Fig. 5. But how is it that 
these trees were able to grow to such large dimensions ? 
How is it that trees now only represented by creeping 
herbs could grow to the height of 100 feet, as some mi- 
douhtedly did ? Some of these trees ha-ye been found with 
a circumference of ‘twelve feet at the base of the stem. I 
have not time to go into the minute details of the internal 
anatomy of these 'trees, hut I will shew you briefly that 
there existed in their stems a mode of growth which does 
not exist ia the stems of their li'ving representatives. 
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Trees of that lofty growth required buttresses to support 
them, and these buttresses were provided by a beneficent 
Katune/ lig. G represents a transverse section of the 
stem 6r branch of one of these trees in a very young state. 
At a you have a cellular pith surrounded by a cylinder 
of vessels, 5, derived from the leaves. It will be seen that. 



Tiff. 6, — ^Eestoratioii of a Lepidodendroid tree ; a, the stem, 
Blenaer above but thickened below; 6, Stigmarian xmdergrotiBd 
roots, like Fig. 4; c, Xiepidostrobi or spore-bearing cones hanging 
from the ends of the nltiinate twigs. 
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in tbis -bransverse section, these yessels are not arranged 
in radiating' lines. This vascular ring is encaBcd hy 
an inner bark, c, and an 


outer one, dj the latter 
sustaining the bases of .the 
leaves, e. The radiating 
lines crossing the bark 
represent the bundles of 
vessels going from the 
vascular cylinder, 6, to the 
leaves. In all that is 
essential this stem-struc- 
ture corresponds vdth 
■what ■we find in the living 
Lycopods; but when we 
come to the larger and 



more matured fossil stems, 
we discover that age has 
developed an altogether 
new series of vessels, 
which have a very dif- 
ferent mode of growth 
and arrangement to those 
constituting the inner cy- 
lindery K Fig. 7 repre- 
sents the plan of a trans- 
verse section of the cen- 
tral jjart of one of those 
more matured stems. 
Here again a represents 


Fig. 6. — Transverse section of a 
yotmg branch of the XiCpicloclcii - 
dron, cig.6: a, the central cellular 
pith; h, a ring of barrod vchhoIh 
derived from the leaves, and not 
arranged in radiating lines; c, an. 
inner bark of delicate coUiilar 
tissues; c2, an outer bark contain- 
ing a cylinder of strong remaUng 
fibrous tissue; e, transverse sec- 
tions of the bases of loaves ;y, soo- 
tions of similar leaves at a lower 
point of their attachment to tho 
bark. The radiating lines passing 
through the bark are vascular 
bundles, extending from the vas- 
cular cylinder, 6, to tho leaves. 


the pith, and o the inner 

vascular cylinder; c is a portion of the mnermost *luivk 
with the vascnlar bundles, d, going to the leaves* I3iit 
we now find the inner cylinder, 5, snrroimded by an 
outer one, e, in which all the vessels are an-angod in 


lines which radiate from ■within outwards. Wo fui'tbor 


see that this ring has grown steadily by successive ad- 
ditions to its outer border, in consequence of a vital 
activity of the innermost bark at this point. Wo also 
discover that these xadiatiug lines of vessels are sopai'ated 
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by tMn vertical layers of cellular tissue, constituting wl 
botaifcists are famiUar mtli under tlie name of medulk 

rays. In fa 
we have here 
regular systi 
of exogeno 
growth, wh] 
only differs 
points of det 
from what ism 
seen in the oal 
elms, and simr 
trees composi 
our mode 
forests. Kothi 
of this hi 
occurs in t 
plants of tl 
class which c 
living now. T 
therefore coi 
to the conclusi 
that when th 
existed as tre 
during the Cr 
boniferous 
they were pi 
vided with 
mode of grow 
which they Ic 



— ^^tral portion of a stadlar section to 
Fig. 6, only taken from the lower part of a 
more matnired branch or stem: a, the pith; 

6, the inner vascular cylinder, identical with 
innermost layer of the 
bark; a, vaaoular bundles coming from the 
vascular ^ cylinder &, to the leaves; e, an 
outer cylinder of vascnlar tissue, the vessels 
of which are arranged in exogenous order — 
in radiating wedges separated by mednl- 
laty rays, and which grow exogenously or hy 
additions mode to their exterior marems, 

•, , , * wiucn nney j.c 

when they became degraded and ceased to require it ai 
when their place in the forest was taken by other ai 
very different trees. ^ 

Assoomted ■vrith these Lyoopods we also find anoth 
^onp of pl^ta, which were the Carboniferous repr 
senta&ves of the modern horse-tails. You are s 
fanner mth the . horse-tails, or Equiaetums that ero 
,m aMost every pond and mai-shy spot. In the presei 
day the largest of these plants are only five or sk fa< 
bigh, and even that is a very unusual height. The foss 
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forms from tlie coal are called OcdmiiteB. For a long time 
we were only familiar witli tliese objects in the form 
of casts, composed either of shale or * 

sandstone, like Fig. 8, where we have 
eight joints, each of which is grooved Ion-* 
gitudiaally. Sometimes these specimens 
are invested by a bark-like film of coal. 

It turns out that these specimens are not 
the real plants; but before saying what 
they are, let me direct your attention to 
Fig. 9, which represents a vertical sec- 
tion, or rather one-half of the lower end 
of what T believe the plant to have been 
when living. At a we have an externally 
smooth bark, varying in thickness with 
the age of the plant. At h there is a 
woody zone, which is seen in the trans- 
verse section at the upper end of the 
drawing to consist of a ring of wedges 
of vascular tissue, separated by medul- Fig. 8. — Ordinary 
lary rays. Within this vascular zone aspect of a sand- 
is an exceedingly thin film of cellular of a cSamiti^^^^ 
pith, hut which stretches entirely across 
this part of the plant at each joint, c, a line of hollow 
cavities, thus forming a series of transverse divisions 
separating from each other, which occupy the centre of 
the stem. In fossilisation these cavities became filled with 
sand and mud, forming casts like Fig. 8. The transverse 
constrictions, e, of these casts were caused by the trans- 
verse layers of pith, Fig. 9, e, which separated one fistular 
pith-cavity from another. The longitudinal grooves of each 
joint were produced by the projection into the pith cavity 
of the thin inner margins of each of the vertical woody 
wedges, Fig. 9, c. When these specimens are invested 
by a layer of coal, that layer rep)resents what was 
once either the vascular zone or that tissue and the 
bark conjoined, but the greater part of the elements 
of which have disappeared in the process of fossilisation. 
Fig. 10 is a restored sketch of the probable aspect of these 
Calamites when growing. We know much about their 
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roots, stems, and leaves,, but have yet but very scanty 
infoiTjpLation respecting their reproductive organs. But- 



Fig. 9. — Longitudiiial seotion of the lower end of a Calamite, 
exhibiting the structure of its interior: cl, a thick bark, smooth’ on 
its external surface; 6, a vascular zone, the vessels of which have a 
peculiar arrangement, but which have an exogenous arrangement and 
mode of growth; c, the separate vascular wedges of the vascular 
zone &, as seen in transverse sections; c^, a vertical series of fistular 
cavities in the interior of a very thin pith, the latter being repre- 
sented by the white line. This pith forms transverse partitions 
which extend entirely across this part of the stem at each node, e, 
separating contiguous fistular cavities from each other; branch- 
ing roollots of Calami tea. 

fiig. 10. — Restored group of Oalamites: a, subterranean creeping 
stem, sending up rorial stems, &, which agam give off lateral shoots 
at c, c; whorls of leaf-bearing branches are given off at the 
upper part of these stems, d\ whilst ^ore-bearing organs (etro- 
bill) probably existed at the extremities of the stems, as at - 
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•wHlst Fig. 8 represents the ns-ual form in which Gala- 
mites occur, I have specimens in my own cabinet in ^hich 
the stem displays a thick wood surrounding the pith, the 
former being ftlso enclosed in a thick bark ; the stem in 
these specimens has been at least- some thirteen inches in 
diameter. There are other specimens in existence in which 
the original stem must have been from three to four feet in 
diameter, judging from the magnitude of the sandstone cast 
of the pith cavity, and the relation which that cast bears in 
these large examples to what I find in other specimens in 
which both the wood and the bark are presei'ved. I have 
no hesitation in saying that many of these Equisetaceous 
plants, which are now of comparatively dwarf shse, once 
rose up to a height of thirty or forty feet, and constituted 
some of the forest trees of the period in which they lived. 

Let me now call your attention to one peculiarity 
which we find in the coal formed from some of the trees 
which I have been describing. If we make a section of a 
piece of coal perpendicularly to its horizontal surface, we 
often find it full of sections of little flattened discs, like very 
minute coins, as is represented in Fig. 11. There is no 



Fig, 11.— Microscopio vertical section of a fragment of coal cpn- 
tainmg nmneroua depressed macrospores, or female spores, of a 
Lepidoden droid plant. Fig. 11a represents the upjier surface of a 
macrospore flatt^ed verti{^ly. The triangular ridge in its centre 
is the flattened remnant of tne angle resulting from four spherical 
spores mutually compressing each other so as to form a common 
spherical mass, in the centre of which all the four spores are in 
mutual contact. 
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doubt whatever as to wbat these discs are ; but to under- 
Btan(^thera we must look at the fructification of the club- 
mosses already referred to. I have told you that these 
plants have no dowers ; but they have little reproductive 
bodies, which we call spores. Each plant forms little spikes, 
which consists of a number of leaves (Fig. 12, 5), gathered 

round a' shortened stem, 
a. At the upper sur- 
face of the base of each 
of these leaves there are 
Httle capsules, c, dJ, inside 
which there are what bota- 
nists call spores. But there 
are two kinds of these 
spores — large ones, called 
macrospores, and small 
ones, called microspores. 
hTearly all our British 
Lycopods only possess the 
latter form; but we have 
-one British species, not 
uncommon in your Scot- 
tish bogs — the Selagiuella 
Selaginoides, which re- 
sembles a large number 
of the tropical forms of 
these plants, in possessing 
both kinds of spores. Fig. 
12 represents a vertical 
section of the central por- 
tion of one of these latter 
spikes of fructification. 
It will be seen that in it 
the uppermost of the 
little capsules, sporan- 
gia ” 



Fig. 12. — Vertical section through 
the central part of a strobilus or 
spore-bearing spike of a recent Ly- 
. copodiaceoiis plant (Selaginella) ; 
a, the vascular axis; b, 5^ leaves; 
c, c, spoi’angia, or sp 07 'e‘Cases, 
springing out of the bases of the 
loaves, b; d, the uppermost spor- 
angia filled with male micro - 
spores, / ; e,.the lower sporangia, 
each usually containing four 
mocroapores, or female S 2 )orea, 
identical with those seen in Fi^. 
11 and 11a. 


o— or spore -oases, os 
they are called, are crowded with very minute spores, 
whilst the lower ones each oontaina about foui- such spores) 
but these latter are of lai’ge size — “ maorospores," as they 
are called, which dimply means biff spores, as “miorospores’^' 
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means VstCe spores. So far as function is concerned, the 
'microspores represent the male fertilising elements <^f the 
pollen of a flower, whilst the large spores did the wo^'k of 
the oYule and*seed. The flattened objects so numerous in 
the coal, and represented in Fig. 11, are neither more nor 
less than these macrospores. Their existence in coal was 
pointed out by Henry Witham half a century ago, though 
he was ignorant of their nature. The enormous number 
of them in many coals shews how abimdant the plants 
must have been from which they were derived; but we 
have already seen that - the Lepidodendra were the most 
common of the trees of the Carboniferous forests, and 
there is no doubt that it was from them that these spores 
were derived. In Fig. 5 many of the dependent bl-anches 
are represented as having cones or strobili (c, c) 
hanging from their extremities^ These cones” are 
commonly known as Lepidostrohi^ and are the fruiting or 
, reproductive organs of the plant to which they belong. 
How many of them were provided with both large and 
small spores, as represented in Fig. 13, we do not yet 
know, since in most specimens -of fossil Lepidostrobi^ the 

sporangia ” or spore-cases are quite empty, the spores 
themselves having been shed and fallen to the ground, 
adding to the inflammable materials of the coal. But we 
do know that many Lepidostrobi possessed both macro- 
spores and microspores ; and the great numbers of these 
spores existing in the coal renders it probable that moat 
of them were so famished. 

It is an interesting circumstance connected with this 
part of our subject that the spores of recent Ly copods have 
long been used in theatres for the purpose of produc- 
ing artiflcial lightning, their value for this purpose 
arising from their high degree of inflammability. Though 
I am not prepared to recognise in the fossil spores the 
chief, still less the only, source of the inflammability oi 
good coals, there is no doubt that they contribute ikeii 
share towards giving the mineral its valuable qualities, 
I am told by my friend, Mr. Charles Calvert, that Lycopoc 
spores are now thrown overboard by stage-managers, elec 
tricity being used for^^the same purpose* The botanist baj 



been displaced by Sir William Tbomson and tbe elec- 
tricians. 

I need bardly say that ferns -v^ere very abund'ant in this 
Carboniferous age ; but we have the further interesting 
fact, that not only at Autun, in France, have what are 
known as tree-ferns long been found in a fossil state, 
but I have recently obtained in Lancashire unmistakable 
evidence that tree-ferns also existed in England. 

We now have to consider another group of plants that 
contributed very materially to tbe formation of the coal- 
beds. I mean plants allied to the pine tribe. You know 
that pines bear their fruits in the form of cones. In our 
part of the world a popular appellation for these cones is 

fir-bobs.” Why they got this odd abbreviation of a 
common Christian name, I never could find out; but they 
have it. Though we find an immense number of stems in 
the Goal measures that evidently have borne a very close 
resemblance to the stems of your Scottish pines and other 
fir-trees, we have not yet found in the Coal measures a 
solitary example of a true Pine cone. It therefore becomes 
clear that cones, if they existed at all, -Vere very rare. 
But, on the other hand, we have recently brought to 
light such a multitude of seeds which evidently belonged 
to this or some allied class of plants, that it becomes 
a matter of extreme perplexity to know on what stems 
they grew. My friend, M. Grand Eury, labouring in the 
coal district of St. Etienne, in France, has found some forty 
or fifty kinds of these seeds in one bed alone. These St. 
Etienne seeds are now undergoing investigation at the 
hands of M. Adolphe JBrongniart, who is about to produce 
a work on the subject. At the same time, I am now 
working on similar objects discovered in the coal-beds in 
Lancashire. I have also found some interesting seeds of 
the same type in the Burntisland beds discovered by Mr. 
Grieve, and which have already played so important a 
part in contributing materials for elucidating tbe organisa- 
tion of the Coal-measure plants. The most remarkable 
feature in many of these seeds is this : You know that 
in the living fiower the pollen, liberated by the anther, 
falls upon the pistil, and through its aid reaches the seed, 
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Tipon wliicli it exercises a fertOising iaflnence that makes 
that seed productive. But in these fossil seeds dis- 
cover the pollen in a very different position. We find in 
the majority of them a flask-shaped cavity in the interior 
of the seed, situated at its upper end, between the kernel 
and the “ testa,’’ or outer covering of the seed. Thus 
the pollen has not only fallen directly upon the seed, 
but has been carried into ' its interior, where a large 
open cavity was prepared for its reception. Brongniart 
has come to the conclusion that these seeds belong to a 



Fig. 13.— Twig with three verticils of leaves of Sphenophylliutu 
Fig. 14. — Twig of Asterophyllites with three verticils of linear 
leaves, each having one central nervure. 

Coniferous class of semi-tropical plants allied to the pines, 
and known as Cycadeee.- On this point, however, I do not 
yet see my way to a decided opinion. From the number 
and size of these seeds obtained conjointly by M. Grand , 
Eury and myself, it is evident that wo have had, at the 
Carboniferous age, some fifty or sixty species of seed-bearing 
plants, of which we have as yet been unable to identify the 
stems and leaves, But it is perfectly clear that, at the 
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time in question, there lived forests of seed-bearing plants 
more or less allied to yonr firs; or more probably they^ 
have bad a closer relationship to the jew and to the Salis- 
biiria, a plant found in China, and commonly known as the 
Gingko tree. These seeds make an important addition to 
our knowledge of the flora of the Carboniferous age, but 
one which requires much farther investigation. They 
will, however, abundimtly repay the time and toil bestowed 
upon them. 

I would call your attention further to the transverse 
sections of the stems of some other coal-plants, illustrative 
of their peculiar structure and of the way in which that 
structure has been preserved in a fossil state. In Tig.. 13 
we have a twig of a Sphenophyllum with three of its 
pretty verticils of wedge-shaped leaves; and in Tig, 14 we 
have a similar twig of the closely allied genus Asterophyl- 
lites. Tig. 15 exhibits a transverse section of .the stem 
of these two shewing the central vascular ax s 



Fig. 16. — Transverse section of the stem of an Asterophyllites, 
shewing the remarkable arrangement of the central vascular area, 
enclosed in a thick hark. The corresponding section of Spheno- 


phyllura is identical with this Fig. 16. ^ 

fcg. 16. — Transverse section of the petiole of a fern, JRacJiiopteris 
duplex, with its two vascular bundle enclosed ip a double cdlula? 
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two layers of cellular bark. !Fig. 



surrounded by its 
16 represents a 
transverse sec- 
tion of the foot- 
stalk or petiole 
of tbe leaf of a 
fern, with its 
curious vascular 
bundles en- 
cased in a bark. 

Then in fig. 17 
is the trans- 
verse section of 
the stem of an- 
other plant, firom 
Our Lancashire 
district, which 
rejoices in the 
name of Lygino^ 
dendron Old- 
hamium. It is 
specially characterised by having numerous undulating 
vertical plates of hard 
fibrous tissue, which, 
in the transverse sec- 
tion of the stem repre- 
sentecl in the drawing, 
look like the Roman 
figures on the face of a 
church clock. Fig. 13 
represents a transverse 
section of another peti- 
ole of a fern — the My- 
elopteris. This plant 
has long been regarded 
as the stem of a Palm. 

However, we have now 
very clearly ascertained 
that it is merely the foot- 
stalk of a fern-frond j consequently, Palms have to pass, 


Fig. 17. — Transverse section of a stem of 
Jjyglnodendron OWiamium^ a plant of un- 
known affinities. 



Fig. 18, — Transverse section of the 
petiole of Myelopteris, a Marattiace- 
ous fern; a, vascular bundles passing 
through a mass of cellular paren- 
chyma; 6, numerous small gum- 
canals ; c, fibrous peripheral bands, 
forming a sub -epidermal layer. 
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iot tlie present, out of the history of the Carboniferous age. 
If they existed; we have yet to obtain the proof of their 
existence. 

I shall not detain you with many remarks about the 
animal life of the Coal measures. Animal remains are not 
uncommon in the coal deposits, but they do not come 
•witliin the scope of this lecture. My friend, Dr. Dawson, 
of Montreal, in Canada, long ago found in the interior of 
certain fossil trees the remains of a reptile. You wOl 
say this is a queer place in which to find such objects, 
but I will tell you directly how they most probably 
came there. Then we find the remains of fish some- 
what abundantly even in the coal. A large number of 
these fishes were sharks of a high organisation. ' Probably 
half of these fishes were of this class. To find anything 
resembling the other half you must go to the Piver Nile, 
or to the American Mississippi. In the latter river we 
find a fish called a Garpike or Lepidosteus, with nearly 
square bony scales overlapping eaob other, like the tiles 
on a house-top. It is a representative of the largest class 
of fishes existing in the ages terminating with the chalk 
rocks, and which are known as Ganoid fishes. The only 
fishes which we find in the coal-beds associated with the 
shai-ks, are of this order. The vast number of these Ganoids 
and sharks in the coal-beds strongly inclines me to the belief, 
that many of the coal deposits must have been accumulated 
in the sea, or at least in brackish, estuarian waters. But 
a curious difficulty has been brought to light within the 
last few months, and which stands in the way of this idea. 
An Italian observer, who has obtained the ash of coal by 
a very careful process of burning, has found in that ash 
an immense number of microscopic siliceous organisms' 
that belong to a group of objects known by the name of 
Diatoms. We find them, at the present time, both 
in the sea and in fi’esh water. They are really minute 
cellular plants, each cell of which consists of Silica or 
fiint. The curious feature about these Diatoms that this 
Italian Count has found in the coal is, that every one of 
those which he has discovered is a fresh-water -species. 
This looks uncommonly as if coal had either been formed 
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in boga or marsbea saturated with fresh water, or that 
^esh water Lad, from time to time, flooded the forest areas, 
and thus left these Diatoms behind in the wet, spongy 
soil. The discoYery is too recent for us to estimate its 
full value; but I am quite prepared to allow its impor- 
tance up to a certain point. Probably the conclusion 
that will be arrived at is, that both fresh and salt water 
played their part in producing the Coal measures — that 
the soil of the marshy forests was frequently saturated 
with fresh water, but that submergence brought the sea 
over these areas when the ordinary deposits of sandstone 
and shale were accumulated; but that it was when the 
sea-level had once more been reached, and fresh water 
again came into action, that the fire-clay accumulated and 
prepared the soil for the reception of the spores and seeds 
of the land plants. I may farther mention that there 
were numerous reptiles in these Carboniferous waters 



I air-breathfflgland staUs-coiilea 
from Pr. Dawaon’s §tory qf the Earth and Man^ p. 139. 


which were chiefly of the newt ’’ type — some of them 
very large crocodilian-looking fellows, but still not rising 
above the Batrachian tribe of frogs and newts. When wo 
come to the shells of the upper coals, we again have to 
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deal with perplexing facts. In the lower Coal measures 
the shells are all undoubtedly marine, but in the upper 
ones’ we have aquatic shells so different fi'om all living 
ones, that we cannot say with ceii^ainty whether they were 
marine or fresh-water j but, besides these, Dr. Dawson has 
found in Hova Scotia air-breathing land shells, very 
similar to what we see creeping up the trees of our woods 
at the present time. Figs. 19 and 20 represent two of the 
shells found by Dr. Dawson in the very centre of the 
stem of a hollow tree. One of these is a true snail, and 
the other belongs to a group very closely allied to the 
snails. But now comes- the question, — How did these 
sheUa and these bones of reptiles, to which I have pre- 
viously referred, get into these trees ? Your townsman, 
Mr. Wiinsoh, a few days ago sent for my inspection a 
very beautiful transverse section of a large tree stem. In 
it, as is so commonly the case, I find preserved the tough 
fibrous tissue of the outer bark, but all the more internal 
structures are gone, and their place is occupied partly with 
clay and partly with portions of smaller stems of various 
kinds, that had no necessary relation to the tree itself. 
Some of these are branches that may possibly have 
belonged to the tree ; some are leaf-stalks of ferns, 
and some are bits of Stigmarian roots. How did these 
things get inside this cylinder of bark? Most pro- 
bably as the dozens of sheUs and the bones of reptiles 
got inside. We have already seen that in many cases 
these trees probably grew in marshy places, and in places 
where successive fioods of muddy water were depositing 
thick layers of silt, raising the surface of the gi’ound 
higher and higher, so that each tree growing upon that 
ground had ' the base of its stem gradually buried more 
and more deeply in sand and mud’. Possibly, in some 
cases, they may have been so immersed to the extent of 
many feet, and yet continued to flourish. Sooner or 
later these stems perished; but owing to their peculiar 
lax structure in these Cryptogam ic stems, the inner 
tissues decayed sooner than the outer bark, because 
these outer barks were composed of the strongest 
materials — those that would be the last to give way to 
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the forces producing vegetable decay. There is no doubt 
Yhatever that these central portions did decay, leaving 
an outer cylinder of bark standing in close contact vdth 
the surrounding earth. When one of these recurring 
floods of which I have spoken overdowed the land, whether 
from a slow, steady sinking of the- land, or from a sudden 
water-flood, we know not, this water at once filled the 
hollow bark-cylinder of the stem. The interior being all 
rotten — broken up into those little rectangular bits I have 
already referred to, and which, as we have seen, con- 
stitute the great mass of the mineral charcoal — ^the water 
would at once cause these light fragments to float out, 
whilst heavier pieces of wood, impelled by the stream, 
would tumble in. In like manner insects, bones of 
reptiles, and the shells that Jived upon the outside of 
the bark of the trees would be Liable to be washed in ; 
and thus it is that we find so many objects altogether 
foreign to the internal Life of these trees imbedded in 
then very centre. 

But I see that my time is now gone — I am perfectly 
well aware how hurried and - sketchy has been the outline 
that I have been enabled to give you. But I trust that 
I have not altogether failed to redeem my pledge of shew- 
ing you that even so common an object as coal has con- 
nected with it a history which is capable of profitably 
arresting the attention, and is worthy of occupying 
your thoughts. If I have succeeded in my great object 
I shall be glad. What I want to impress upon the men 
and women of this large audience is the dignity of know- 
ledge when possessed for its own sake, and the supreme 
interest that attaches to everything which the Almighty 
has made. I want them to look upon all things that have 
proceeded from the Divine hand with reverence. ' To see 
that they are not cursed, but beautiful and holy; and 
then as they learn to reverence God’s works, and the 
forces which He employs as His instruments, their 
reverence will inevitably rise to Him who is The Lord 
of aU power and might. 




KENT’S OAYEEN: 

ITS TESTIMONY TO THE ANTIQUITY OE MAN. 


Though I Laye had the pleasure of yisiting Scotland several 
times, though I have stood on the summit of £en iTevis, 
and have thus been for a while the most elevated man in 
your country, though I haye the pleasure of the acquaint- 
ance of several gentlemen resident in Glasgow, yet, ladies 
and gentlemen, I am a stranger amongst you. Though I 
have visited Glasgow once before, it was fully thirty years 
ago, and I believe the Glasgow of this day is rather an 
improvement upon that, Being thus a stranger', I propose 
to throw myself on your mercy at once, and to tell you two 
of my defects as a lecturer. You wiU discover some of 
the rest before the evening is over. First, I am a very 
rapid speaker. I regret it; but believe that when a man 
has unfortunately hair of the colo'irr of muie^ he is not 
likely to get into a new m’oove. I will, however; -^0, niy 
best. Secendl^T-, though I have read a good many pape^ 
in your country, I have never delivered a lectui'e in Sco^^ 
land until this evening, and I am afraid I shall appea^H 
before you rather as an English lecturer than, perhaps, as^ 
a Scotch one. We are in the hahit in England of suppos- 
ing that there is some young fellow in one corner of the 
room to whom it is necessary to explain all technicalities. 
Though there can be no doubt that you are fully acquainted 
with the technicalities to which I allude, it is not unlikely 
that, from force of long habit, I may nevertheless explain 
them, and perhaps you will he so good as to put it down to 
my acknowledged failing. 

I need not inform any one present that there is on the 
south coast of Devonshire a beautiful inlet of the English 
Ohannel, known as Torbay, having on its northern shore 
the town and harbour of Torquay. About a mile eastward 



from, that harbour, and half a mile north from Torbay, 
there is a charming valley, running north and sou^hj 
and having on its west side a small hill of Devonian lime- 
stone, belonging, that is, to the formation next older than 
your Garboniferom limestone in this country. It reaches a 
height of 230 feet above mean tide level at Liverj^ool, and 
terminates on the eastern side in a vertical es'carpment 
some 30 feet high; and in the face of this cliff theYa ai’e 
two apertures 54 feet apart. They are the entrances to o^e 
and the same large, dark, dirty hole known as Kent’s Oaverh" 
or Kent’s Hole; and to hear me talk about Kent’s Cavern 
for an hour or so, you have been so good as to leave your 
plesnsant firesides this evening. 

Surrounding the hill of whicli I have spoken there are 
other eminences, but they are not of limestone, though 
they belong to the same Devonian formation, the equiva- 
lent, or nearly so, of your Old Ked Sandstone; and they reach 
a greater elevation. One of them, about half a mile to the 
north-west, attains the height of 450 feet, and is the loftiest 
eminence in our neighbourhood. These loftier hills are 
composed of grey schist and dark red grit. It may be 
of importance to us to remember this fact when we get 
a little farther on. 

It would seem that the cavern was never discovered. 
Ip ether words, it has always been known. Judging from 
JiiQ objects which were found mixed up with earthy matter 
vn the floor, the cavern was visited in [Mediaeval times, in 
^axon times, in Eomano-Eritish times, and in Pre-Roman 
\ times. Objects connected with all tlieae periods have been 
vnet with, and therefore it is probable that the cavern has 
allways been known by the dwellers in the neighbourhood. 

‘\The earliest date connecting itself with the oavera is 
16(5)4, and the connection is in this way : — There are in 
varftous parts of the cavern masses of Stalagmite, having 
'inscriptions on them, consisting of names, initials, and 
dates, Y and the earliest of them is dated 1604. Besides 
this tmere are 1615, and several others in the early paid} 
of the^seventeenth century. We have reason for believing 
— and ^ may as well dispose of that question — 
that the^ inscriptions are perfectly genuine. In such a 
matter it ^ of considerable importance that we should be 
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quite sure that they are trustworthy j and I shall tell yon, 
a Jittle later on, about a man who made Kent^s Cavern 
a study some fifty years ago and wrote a description of 
it (which description is in my keeping as Honomry Secre- 
tai'y of the Torquay ISTatural History Society), and these 
inscriptions were described by him in such a way as to 
convince me that they are really as old as they profess 
to be. I repeat that the earliest date connecting itself 
with the cavern is 1004. One of my legal friends at 
Torquay has a map, or rather plan, of the property in 
which the cavern is situate, and which is known as 
the Manor of Torwood ; and in that map, executed in 
1769, one portion of the property is named ‘^Kent’s Hole 
Field.” We may take it for granted, then, that Xent^s 
Cavern was very well known at that time, and had been 
known long enough to give a name to that part of the 
property. The earliest description, if description it may 
be called, is one to which Sir Walter Trevelyan has re- 
cently called ray attention. It occurs in the eighth edition 
(1778) of a work entitled A Tour through the Island of 
Great Britai^^ written by Defoe, and edited by Hicbard- 
son the novelist. The description is this, — “In the 
mrish of Tor is a very remarkable place, called Kent's 
Hole, not mentioned, as I can find, by the writers on 
this county (Devon), though perhaps the greatest natural 
curiosity therein” (voL i., p. 347). That, then, is the earliest 
account of the cavern we have, so far as is known. You 
will observe there is a little disadvantage in this — at 
least, there is a possible disadvantage j for some persons 
may be inclined to say that since the cavern has been 
so long known, it is possible that visitors have ransacked 
it and turned it topsy-turvy, and that we cannot expect 
to find it in its original condition. Those, however, who 
are acquainted with the cavern will attach no importance 
to any such remark. 

I trust no one will ask the origin of the name ; for, 
first, I don't know anything about it; and, secondly, I 
might be tempted to tell you the following absurd story : — 
It is said that many years ago an animal — some say a dog, 
and some say a hawk — was taken into the cavern and 
lost, and was subsequently found in the county of Kent; 



from -whicli it 'was concluded that there "was a subterranea 
passage from the cavern in Devonshire to the South -Easier 
County of England. I don’t ask you to believe that, for 
don’t believe it myself; but if you are not satisfied, yo 
can, no doubt, invent an origin for the name as good a 
that yourselves ; but that is all I can tell you. Severe 
descriptions besides that just quoted, about 1797 and 1802 
are very well known, and the cavern appeal's to have beei 
a place visited by almost all who came into that part o 
the country. 

The earliest researches in it were undertaken by Mr 
Northmoro of Cleve, near Exeter, in 1824. He believec 
that the womhip of Mithras was generally carried on ii 
caverns, and thought it not unlikely that it had been con 
ducted in Kent’s Hole; and thither he came to discove] 
evidences of it. I have generally found that when ar 
enthusiast is resolved to find evidence he succeeds; and aj 
it is possible that I may be an enthusiast, you had bette] 
be upon your guard lest I should impose upon you. Befor£ 
Hortbmore went to the cavern, however, he) had met with 
Dr. Buckland’s UdiquicB Diluviance, and thought- he might, 
to use his own words, ^^kill two birds wfitli o'ne stone,” and 
seek bones in the cavern, just as Buckland had souglit 
bones and found them in the cavern of Kiikdale, in York- 
shire. He thought he succeeded in finding evidence of the 
Mithratic worship; but, be that as it may, he certainly 
succeeded in finding bones, and was thus the filpst to shew 
that the cavern was worth the attention of paleontologists. 
In 1825 he made another visit to the cavern) and was 
accompanied, as a matter of idle curiosity oiily, by a 
Eoman Catholic priest resident at Torquay, whose name 
was John MacEnery. His fame is for ever connected with 
that cavern, hut he died before he became famous. ■*! regard 
it as one of my sacred duties to speak in the highest terms 
of the labours of the Eev. J ohn MacEnery in thojb cavern. 
He commenced, in 1825, a series of researches, about which 
I shall tell you directly. He put himself into communi- 
cation with Dr. Buckland, who was, to use the laoguage of 
Lloyd’s, ‘^Al” at that time on cavern questions; and he 
and Buckland, it is probable, were to produce jointly a 
work on Kent’s Hole.. In 1841 MacEnery died, and I 
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attended the sale of his effects at Torquay, In that sale 
thete was, I remember, an old tea-chest, filled with papers 
and odds and ends, including splinters of bones, which was 
bought by a Torquay tradesman, who gave a small sum for 
it. A few years afterwards. Professor Owen and others 
having in the interval deplored the loss of the noanuscripts, 
he turned out the contents of the tea-chest, and there were 
the missing papers. They were ultimately presented to the 
Torquay Natural History Society, of which I happen to be 
honorary secretary. A few years ago I transcribed the 
whole, and gave it to tho world as MacEnery left it. There 
wTre some peculiarities of spelling, &c., and some lamncB^ but 
I regarded the whole as sacred, and printed it in its entirety 
and as I found it. (See Tram. Devon. Assoc., vol. iii., 1869.) 
The quotations which I shall give you as I go along are 
derived from that source. He went first, as I have said, 
out of mere idle curiosity, had never been in a cavern before, 
and was not a geologist; but, being ca 2 mble of receiving the 
true vims, be became a geologist at once and in earnest. 
Speaking of his first visit, be says; — “The passage being 
too narrow to admit mora than one person at a time . , . 
tlie company entered in files, each having a light in one 
hand and a pickaxe in the other, headed by a guide carrying 
a lantern before the chief of the band. I made the last 
of tlio train, for I could not divest myself of certain un- 
defiuable sensations, it being my first visit to a scene of 
this nature.” {Op. ciL, p. 208.) There bad been no pre- 
paration for cavern researches on his part. Not being 
satisfied with the way Mr. Northmore went to work, he 
betook liimself to a small recess alone, where ho began to 
dig, and succeeded in discovering bones and teeth ; and 
you will see from tho 2 ^^issage wliich I am about to read' 
that he know nothing in the world about palaeontology, 
or, indeed, science generally. He says: — '‘They were the 
first fossil teeth I had ever seen, and as I laid niy hand 
on them — relics of extinct races and witnesses of an order 
of things which passed away with them — I shrank- back 
involuntarily. Though not insensible to the excitement 
attending new discoveries, I am not ashamed to own that 
in the presence of these remains 1 felt more of awe than 
joy.” {Op. cit.f p. 210.) Most of have been students. 
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'We Lave all more or less burned the midnight oil, and^v 
have seen rise up before us in our studies unwished, u 
bidden, and almost, as we have thought, unholy, a new id< 
that has awed us, for we have felt that it was destined 
strangle some of our former and most cherished opinion 
He was not only thus successful in discovering bones at 
teeth, but you will see from the next quotation that he soc 
made another discovery of perhaps still gi’eater importanc 
the summer of 1825 Dr. Buckland, accompanied 1 
Mr. hTorthmore of Clevo, visited the cave of Kent’s Hole : 
search of bones. I attended them. Kothing remarkab 
was discovered that day, excepting the tooth of a rhinocer 
and a flint blade. This was the £.rst instance of the occu 
pence of British relics being noticed in this or, I believe, ai 
other cave. Both these relics it was my good fortune ■ 
find.” {Op, cit.j p. 441.) Towards the close of 1825 1 
commenced a series of systematic observations — system at 
for that day. Science insists on still more systemat 
observations now-a-days. As I have seen his exploratioi 
characterised as superficial, I take every opportunity of spea’ 
ing of the exceedingly conscientious work that that mt 
performed there. MacEnery recognised four deposits 
the cavern. Eirst, huge blocks of limestone, that had fro 
time to time fallen from the roof, and which were in mo 
cases cemented together with stalagmite. Second, beneai 
and between these blocks, a black mould, consisting main 
of vegetable matter, probably blown in through the entrauce 
Third, below that, a sheet or fioor of stalagmite, from a me: 
film to five feet in thickness. Eourth, still lower, a thic 
deposit of loam or cave earth. These were the deposi 
with which he hecan^e acquainted, and he knew of nothir 
more; and Sir Chaidea Ly ell knew of nothing. more, so fi 
as Kent’s Hole is concerned, when he published his gret 
work on the Antiquity of Man, ^ 

I have several times used the word Stalagmite,” an 
it is time to explain it to my young friend in the come 
The roof of the cavern is of limestone, of course, an 
thi’ough it, in rainy weather, water percolates, slowly i 
most cases, but sometimes more rapidly. That water cot 
tains carbonic acid — the gas which is given oflf in an effe] 
vescing di*aught, and which is given off by a burning lina^ 
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kiln, T^lucli the unfortunate fellows who go down to tlio 
bottom of a newlj emptied porter yat inhale and sometimes 
die from. It is by that carbonic acid that the water dis- 
solves the limestone which constitutes the roof. It reaches 
the inner surface of the roof, and hangs there as a drop. 
You come into the cavern and hear a drop here and a 
drop there, and you know what process is going on. The 
limestone has been dissolved overhead, and as the water 
falls it brings a particle of the limestone to the floor, 
where it is precipitated or left by the water. It sooner 
or later forms a little boss — more or less conical generally. 
Thence it flows away, and meeting that flowing from other 
such bosses, a sheet is ultimately formed which covers the 
entire floor. This is Stalagmite. A part of the carbonate 
of lime or limestone dissolved by the water remains on 
the roof, and by increase hangs down as a pendant. That 
pendant is Stalactite. The diflei’ence is not one of com- 
position, but one of place only; the Stalagmite forming 
the floor, and the Stalactite depending from the roof. The 
stalagmifcic sheet or floor cannot be formed more rapidly 
than the limestone is dissolved, which again is, to use a 
mathematical term, a function of the amount of cai'bonic 
acid in the water. Indeed, it cannot be formed so rapidly 
as the limestone is dissolved overhead; for, as I have said, 
a portion is retained on the ceiling. It follows, as a matter 
of course, that the formation of stalagmites is usually a very 
slow process indeed. 

I have told you what deposits MacEnery recognised; I 
will now tell you what animals he found in the lower 
deposit — the cave earth. He found the mammoth, rhin- 
oceros, horse, ox (two species), gigantic Irish deer, red 
deer, reindeer, hymna, tiger, wolf, fox, bat, weasel, pika, 
mole, i-at, vole (three species), bear (three species),^ and 
Utsus cultridens, which we now call Macliairodus latidens. 
He includes a tiger you observe ; but there is no evi- 
dence that there ever was a British tiger. I need not 
tell this audience that there has been and still is a British 
lion. Ho one can tell the difference between the skeleton 
of a lion and that of a tiger, unless he happens to have 
this part of the head on whidh my finger is situated. 
-Through the kindness of Mr. Young, I had the pleasure 
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of seemg to-day, in tlie Museum at tlie University, tij 
skulls and lions’ skulls ; and you have all seen in a yc 
child’s head that the parts of the skull in very early 
are not united here. There is a line of union, run- 
across here that -we call a sviure. As you look at 
lion’s head, you see that the suture takes a some> 
three-pointed form — a straight line uniting these two o 
or extreme points passing just over the middle poin 
the lion’s head j but in the tiger’s head the line passe 
front of the middle point* 'Unless ho has that part of 
skull, no naturalist can distinguish between the skel 
of a lion and a tiger. Every portion of an identifi 
feline ski-dl of this large size that wa have met wit 
unquestionably that of a lion-. We, therefore, think 
are safe in ascribing the teeth to the same species—the 
to the lion also. MacEnery also mentions the Pika.” 
is a small animal, not larger than a good-sized rat— a 
'without a tail — and its analogue at the present da 
found in Siberia. The cavern species is also known as 
Lagomys spdcms, 

I have told you that MacEnery discovered a flint in 
ment. He subsequently discovered many, I will 
read to you a short extract describing the care he toe 

determine the exact position of these implements : ] 

ing cleared a-way on all sides the loose mould anc 
suspicious appeamnees, I dug under the regular crus 
stalagmite], and flints presented themselves to my h 
This electrified me.” Ladies and gentlemen, this was 
years ago j and I can remember when, even nearer tc 
piesent day, it "would have been rather more agreeable 
man to have encountered an electiio shock, than to ] 
gone into the world and stated openly that he had fc 
evidence of man in such a position as that, I called 
attention of my fellow-labourer,* Mr. Aliffe, and in 
presence extracted from the red marl [oi' cave earth] ai 
and lance heads.” Don’t attach much importance to t 
definite expressions. Por these words '' arrow ” and h 
heads,” read « implements.” » I instantly proceeded to 
excavation inside, which was only a few feet distant in 
^me continuous line, and formed part of the same plate 
layer]. The crust [of stalagmite] was about two feet tt 
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ladj; tlie clay [or cave earth] rather a light red. About 
See inches below the crust the tooth of an ox met ray 
0 [an extinct ox]. (T called the people to witness the 
jt), and not knowing the chance of finding flints, I then 
oceeded to dig under it, and at about a foot I dug out a 
it arrow-head. Tliis confirmation, I confess it, startled 
I dug again, and, behold, a second 1 I struck my 
rqmer into the earth a third time, and a third arrow- 
ad answered to the blow. This was evidence beyond all 
estion.” So I should have thought, but even the scientific 
irld did not believe him. Dr, Buckland is inclined to 
tribute these flints to a more modeiTi date, hy supposing 
it the ancient Britons had scooped out ovens in the 
■lagraite, and that through them the knives got admission 
the diluvium [or cave earth], and that in this confused 
te the several materials were agglutinated together, 
ithout stopping to dwell on the difficulty of ripping up a 
id floor, wbicli, notwithstanding the advantage of under- 
ning and the exposure of its edges, still defies all our 
arts, though eonmianding the apparatus of the quarry, 
am bold to say that in no instance have I discovered 
idcnce of breaches or ovens in the floor, but one con- 
nous plate of stalagmite diffused unifomly over the 
.m. It is painful to dissent from so high an authority, 
d more particularly so from concurrence generally in his 
>ws of the phenomena of these caves, which three years’ 
L’sonal observation has in almost every instance enabled 
5 to verify.” Dr. BucklancVs opinions— and I speak it 
:her unwillingly, for he did splendid work for geological 
ei^ce — his opinions on MacEnery’s discoveries retardecl the 
Dgress of anthropology for fifty yearn, IN’evertheless, the 
ection, by scientific men, of the Kent’s Cavern and 
aiJar facts was of great service, for it rendered it absolutely 
cessary to undertake cavern researches in the way they 
3 now undertaken, and has thus given a value to them 
lich they otherwise would not have. 

Mr. MacEnery made two assumptions : — First, that there 
me no remains of extinct mammals in the stalagmit^. 
cond, that flint implements were not to be found in the 
iver depths of cave earth. 

In 1840, Mr. Godwin Austen, then resident in Devon- 
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sliire — and perhaps no other man has ever done si^ch 
good work in the geology of that county — published the 
following words as expressive of his opinion, or rather his 
discoveries: — ‘^Arrow-heads and knives of hint” — read 
“dint implements” — “ occur in all parts of the cave and 
throughout the entire thickness of the clay; and no dis- 
tinction, founded on distribution or relative position can 
be observed whereby the human can be separated from 
the other rdiquicBP (See Tram. GeoL Sog. London^ 2nd 
Series, vol. vi., part 2nd, page 444,) In 1846 the Torquay 
natural History Society appointed a committee, consisting 
of Dr. Hattersby, Mr. Yivian, and myself, to make some 
limited researches for the purpose of getting specimens for 
their museuncu We found precisely the same things as 
were found by our predecessors — remains of extinct animals 
in the cave earth, and with them flint implements in con- 
siderable numbers. You want, of course, to know how the 
scientific world received these later disco veiies. They simply 
scouted them. They told us that our statements were 
impossible, and we simply responded with the remark, that 
we had not said that they were possible, only that they 
were true. 

Towards the close of 1857 a man named Philp, residing 
at Brixham on the southern shore of Torbay, purchased, 
from the Commissioners for the Enclosure of Waste Lands, 
a piece of ground, about a quarter of an acre, on the slope 
of a hill at Brixham, where, as you know, William III, 
landed, Phil23’s object was to excavate the limestone, and 
to build a series of cottages on the site. It happened 
that there was what geologists call a “joint” — a close 
fitting fissure — running through the rock, and the removal 
of a layer of limestone from this place revealed one day 
a hole in that joint large enough to admit a man’s fist. 
The men, on returning from their dinner, missed one of 
the tools with which they bore holes for blasting, called 
in Devonshire a “jumper,” and they supposed it had 
been stolen, A few days afterwards, on the removal of 
another layer of rock, ib was found that the hole previously 
noticed was larger. . It was a conical hole, expanding down- 
wards, and large enough to admit a small man. The pro- 
prietor, going to inspect the hole, saw that it was nob 
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of any considerable depth, and that at the bottom lay the 
nfissiDg tool. He went down to recover the jumper, and 
found himself in a gallery running into the hill. Galling 
for a light, he went into what proved to be a cavern, 
previously quite unknown, and having bones and a fine 
antler attached to the stalagmite, whilst others were stick-' 
ing up through it. Here then was a cavern in which 
there had certainly been no ransacking. That was early 
in 1858. I went to Brixham almost immediately, and 
saw Mr. Philp. He said he intended to take out the 
bones and sell them. This I discouraged, stating that 
what scientific men desired was not bones merely, but to 
note the accompaniments, the associations, and the positions 
of the specimens; and I prevailed on him to give me the 
“refusal of a lease’’ in his cavern. To make a long story 
short, a countryman of yours, the late Dr. Falconer, inter- 
ested the Hoyal and Geological Societies of London in. 
the new cave, a committee was formed for its careful 
and thorough e^xplo ration, a lease was taken in it for three 
years, and we found there what MacEnery and others 
had stated they had found in Kent’s Cavern. The whole 
work was placed under my superintendence, as being the 
only resident member of the committee, and we completed 
the work in one year. I had the pleasure of reading a 
paper on the subject to the British Association at Leeds, 
in 1858. I do not say, of course, that that paper revolu- 
tionised the opinions then held on the antiquity of man, but 
there can be no doubt that that caverji did. Ealconer,' 
Lyell, Prestwich, Bamsay, and others gave in their ad- 
hesion to the opinion that man was, indeed, an occupant 
of Devonshire in times far earlier than our fiithera had 
supposed. 

In 1864, 'when the British Association met at Bath, it 
happened there was a concurrence of circumstances that 
rendered it a favourable time for endeavouring to get a 
committee appointed by the Association and a grant of 
money to explore such parts of Kent’s Oavern as still 
remained intact. We moved in the matter, got a committee 
appointed, with a grant of money, and set to work on 28th 
March, 1865. We have had annual grants from that time 
up to the present; and all being well, when we meet in 
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Glasgow in September next, we will have another g 
carrying on the work. 

hTow, ladies and gentlemen, I want to convince j 
yon may trust to the narrative which I am to gi 
The work was put under the general superintendenc 
friend Mr. Yivkn and myself, and I was appointo 
tary. I have gone to Kent’s Cavern every day of 
from the 28th March, 1865, up to the present day, e: 
those rare instances when I am from home j and I 1 
the pleasure of taking into Kent’s Cavern a great n] 
tinguished men, and amongst them my distinguishe( 
Sir William Thomson. I mention this by way of coi 
you that I am just about to speak of wliat my o' 
have seen and my own hands have handled. I thin 
not be asking too much if yon, at present, at any ra 
yoi\ hear to the contrary, assume that in this ma 
word may be taken. There is a malicious story 
about Toi'quay, to the effect that one day I Avas u 
go to the cavern, and my bouts were met walking 
their own accord. You can do as you pleaso, bui 
believe it myself. 

Two questions were especially pressed on the atte 
the committee. First, Is it true tliat flint implem 
found in the cave earth in Kent’s Cavern, commiu^ 
coeval with the remains of extinct animals ? Seco 
it time that the animal which Cuvier and MacEnci 
Urms cultridens, and which we now call Macl 
’laiideiis^ is really found in Kent’s Cavern ? for its ] 
there would be a remarkable thing, seeing it is no 
elsewhere in Great Britain, and, from its zoological a 
it seems to belong to an earlier period. 

This is a plan of Kent’s Cavern on a scale of one 
five feet linear. The blue is limestone, and the wL’t 
the blue is the cavern. You will perceive that the 
consists mainly of two parallel divisions, which, e 
roughly, have an east and west direction, and that t 
considerable lateral ramifications. One of these 
occupied us about thirteen months in exploidng it. 

I must teU you about the deposits we haAm m 
First, then, and omitting the overlying blocks of li 
already mentioned, there is the Black Mouldj as wi 
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at tlie top. That varies from tliree to twelve inches i 
thickness. It consists essentially of vegetable matter- 
leaves blowii in tlirongh the entrances probably in tb 
autumn. There is evidence of animals having made thei 
home there; evidence of bacchanalian parties having visiter 
the cavera; evidence of human beings having for a whil 
made their home there; evidence of people, having gon 
there and paid the gnide^ and lost a coin now and then 
Bolow that comes the stalagmite, which, from a peculiaiit; 
of its structure, wo call the Gh^anular Stalagmite, Tha 
varies from a mere film to five feet in thickness, as previ 
on sly stated; and I may tell you in passing, that whereve 
the drip in wet weather is very copious, there the stalagmit' 
is of great thickness ; wherever there is very little drip th' 
stalagmite is thin; and in those few places where there! 
never any drip at all, there is no stalagmite. It woulc 
seem, therefore, that the lines of drainage have always beei 
the same as now. Below the granular stalagmite is th 
Cave Earth, the thickness of which at and near the entrance 
we know nothing about, but we have found its depth else 
where. It consists of a light-red clay, with about fifty pe 
cent, of small angular pieces of limestone. That is all w 
knew when Sir Charles Lyell published his Antiquity c 
Man^ which almost seemed to frighten the world from it 
propriety. We hav« made discoveries since which, I hole 
have at least doubled' that antiquity. Below the cav 
eoi’th we find, as we get away south-westerly, anothe 
stalagmite, always thicker than the upper one- Wher 
the upper one was five feet the lower was twelve feet, an 
it had a totally different structure. It was eminent! 
crystalline, the crystals being generally in vertical prismf 
We call that the Crystalline Stalagmite, Below that i 
another cave earth, but different altogether from th 
tapper- cave earth. Instead of the staple being light-re 
clay it is a dark-red sandy paste. Instead of the inco: 
porated stones being small angular fragments of limestone 
they are suhangular and rounded fragments of dark-re 
grit, such 03 the cavern hill could not have supplied. The 
must have come from the more distant heights, and, i 
present circumstances, could not have entered the caver 
by any means. We that the Breccia, and know nothin 
about its depth. 
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Eemember tBat we have to do our work in sm 
as not only to satisfy ourselves, but to convince al 
of the truth of what we are asserting.^ We 
vertical section down through the deposits, say 
feet from the entrance, at right angles to a 
line drawn horizontally from a point at the 
to another at the back of the fii-st chamber, in tl 
tion, as it happens, of W. 5*^ N. magnetic. We dn 
at right angles to the datum at eleven feet from the ( 
so as to define or mark off a new parallel” a f( 
Along this entire belt or parallel we take off tl 
mould from side to side of the chamber, and 
it carefully by candlelight in situ. Another in 
it then to the door, and re-examines it carefully by ( 
All the objects found in it are put into a box, which 
bered, and a label is put in with them. We proc 
the stalagmite in like fashion ; we then come to 
earth,- where we are still more particular. We tak 
simply a yard in length and a foot in depth — in 
parallelepiped a yard long and a foot square in the 
and termed a yard.” We examine that in like mar 
what we get is put into a box, and so on yard af 
and level after level to a depth of four feet b( 
granular stalagmite. All the boxes thus filled 
the coui'se of a day are sent to my house in the 
I find in each a label telling me what yard, wh 
what pamllel, what series of workings, and what 
the specimens belong to, so that I can, by ta 
any specimen, say to half an inch whereabouts 
plan it was found. Again, as it sometimes, 
rarely, happens that a mass of earth falls dow 
specimen slips out of the deposit unobserved, tin 
position of certain objects cannot be accurately det^ 
All such specimens are placed in a box marked 
tain.” Further, we are careful not to give aiP 
for any person to see the cavern. 'They can go 
the guide, and be taken to see those parts of th 
that have been explored, but not to where the 
in progress, or where it__ia not yet begun, unless 
panied by my friend Mr. Yivian or myself. Th( 
is we once did give an order to two young m 
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they foolisli ly put a Eoman coin into the deposit, and our 
•^oi’kman dug it out. I came by appointment to meet my 
young friends, when the foreman ,came aside to me and 
said — “ This is very disagreeable to us. These gentlemen 
must have put this coin into the deposit. It is quite 
bright.” I looked at it, and handing it to the gentlemen, 
said— Will you be so good as take your coin. It has 
done- all the work you intended.” Prom that time we 
have passed a self-denying ordinance, never again to give 
any one an order to see the cavern. J hold that scientifio 
investigation should not be undertaken with any theo- 
logical bias, but that it must and should be undertaken 
with a religious regard for truth and accuracy ; and hence 
the care we bestow and the restiictions we make. 

To come to the objects we found in the deposits : First, 
in this black mould: Stones of various kinds; shells of hazel 
nuts, shells of snails, limpets, whelks, oysters, cockles, mus- 
sels, pectens, solens, and cuttle-fish; bones of fish, birds, seal, 
water-rat, rabbit, hare, goat, sheep, red-deer, short-fronted 
ox, brown bear, badger, fox, dog, pig, and man; whetstones;' 
angular and curvilinear plates of slate, perhaps covers for 
earthenware vessels; pieces of smelted copper; bronze articles, 
including rings, a fibula, a spoon, a spearhead, a socketed 
celt, and a pin; fiint “strike-lights;” numerous potsherds, 
including a piece of Samian ware ; spindle whorls made of 
stones of various kinds, ‘and some of them ornamented; a bone 
awl, a bone chisel, bone combs of the size and somewhat the 
shape of shoe-liftei*s, or shoe-horns, with the teeth at the 
broad end; amber beads; charred wood; a halfpenny of 
1806, and a sixpence of 1846. Many of the artificial objects 
go back to Bomano-British and Pre-Roman times. Hence 
the black band or uppermost deposit is worth two thousand 
yeara at least, and may bo worth much more. Next, we 
come to the formation below the black mould — the granular 
stalagmite. In that we found comparatively few objects, 
but these are they : — Stones of various kinds; impressions 
of ferns; shells of cockle and cuttlefish; remains of bear, 
mammoth, hysena, rhinoceros, horse, fox, and man; 
changed wood ; and flint flakes and “ cores,” the cores 
being the remnants of flint nodules, from which flakes 
have been detached, I have found teeth of the mammoth, 
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teeth of the woolly rhinoceros, teeth of the cave hyaena, 
and teeth of the cave bear in the very uppermost part/)! 
that stalagmite ; and a human jaw, with four teeth in it, at 
the base of the same deposit. I forgot when enumerating 
the successive deposits to mention a black patch which you 
see here in the section. It covers an area of about a 
hundred square feet, and is thirty-two feet from the nearest 
entrance. That black patch, as it is represented here, is 
just below the granular stalagmite — in some idaces in 
contact with it, and- in others having a thin layer of cave 
earth between. That Black Band, as it is termed, consists 
almost exclusively of charcoal. It was, without doubt, 
the hearth of the old cave men. In that we found remains 
of ox, deer, horse, badger, bear, fox, hysena, and rhinoceros; 
366 flint implements— (some of you who are fond of coin- 
.cidences may perhaps se.e a connection with the number of 
days in a leap year) — flakes and chips; a, bone awl; a 
bone needle or bodkin, with a well-formed eye in it; a 
bone hai’poon; burnt bones and burnt wood. The cave 
earth, the last drawn in that section, is the great mauso- 
leum. In it we found — Teeth and bones of cave lion, 
lynx (?), wild-cat, cave hyosna, wolf, fox, isatis (V), glutton, 
badger, cave bear, grizzly bear, brown bear, mammoth, 
Ithinoc&roB tichoQ'hinus, horse, wild-bull, bison, gigantic 
Irish deer, red deer, reindeer, hare, pika, water-vole, 
field- vole, bank- vole, beaver, and Machairodiis latidens — 
(MacEnery was right then. It was suspected, as already 
stated, that some mistake had been made about the Machai- 
rodus in Kent’s Hole. I had drawn up seven annual 
reports for the British Association, and had to state in 
each of them that we had met with no trace of this great 
carnivore; indeed, the eighth report was roughly drawn, 
when, lo’ and behold 1 on washing a tooth just sent me 
from the cavern, I saw with delight that peculiar ser- 
rature on it which unmistakably pronounced it to be an 
incisor of Macliairodus latidens, and the negative evidence 
of neaidy eight years shrivelled up at once in its presence, 
and was worth nothing) — whetstones, a hammer stone, 
lanceolate and ovate flint tools, flint flakes and cores;” 
a bone pin, two bone harpoons, charred wood and chaired 
bones, and coprolites of hyoenas» Some of my friends have 
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a power of scepticism tLat I almost envy. They doixbt 
tl^ese flint tools being of liiiman workmanship. I make 
them, metaphoiflcaily, a present of the stone implements, 
however. Eut what do they say about these bone harpoons, 
this bone needle, this bone awl, and this bone pin ? ^ Tli&y 
were found in the same deposit, and as low os the flints 
were, and are 
ceiiiainly coeval 
with the extinct 
cave mammals. 

We come next 
to this lower 
or Crystcdline 
Stalagmite^ in 
which we found 
nothing but 
bones of bears. 

Even the hyoena 
did not appeal’. 

In the Breccia 
we found re- 
mains of bear, 
parts of two 
jaws containing 
teeth of lion, 


three teeth in 
part of a jaw of 
fox, and there 
in that deposit, 
older than the 



cave earth, vastly older — as it is decided to be by its infraposi- 
tion, by its being made up of ’totally different material, by that 
thick bed of crystalline stalagmite which lies between them — 
there, too, we found evidence of man,iniTide massive flint tools. 

Mr. John Evans, a member of the Committee now 
engaged in the exploration of Kent’s Hole, who, in his 
great work on Ancient Stone Implements, has figured many 
of the human industrial remains found in the cave earth,* 


• See The ^ Ardent Stone Implement^ Weapons, and Ornaments 
of Great Britain. By John Evans, E.E.S., E.S.A., &o. 1872, 
j)p, 44i-466, figs. 386-^8, 
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Las kindly allowed Lis blocks to be nsed in illustrating this 
lecture. It has not been deemed necessary to make use Si 
more than nine of these figures, wbich will suffice to give an 
idea of the typical specimens. The accompanyiug descriptions 
Lavo been compiled from the Cavern Joumcdy the British 
Association Reports^ and Mr. Evan's work, just mentioned. 

Ei". 1 (InTo. 1,163^ in the Cavern Jouimal^ and Fig. 386 
in Mr. Evan’s work) represents, on the scale of one-half, 
linear, an ovoid disc of grey cherty flint, carefully chipped 
on both faces, one of which is rather more convex than tho 
other. It is wrought to a slightly undulating edge all 
round the perimeter, except at one spot on the side, where 
blows seem to have been given in vain in attempting to re- 
move a flake, and its bilateral symmetry is sensibly peifect. 
The traces upon the edge of wear or use are but slight. It 
was found in tho Great Chamber,” 53 feet from the 
southern entrance to the cavern, in the fourth foot-level 
of eave earth — the lowest to which it has been excavated — 
over which was the continuous floor of stalagmite about a 
foot thick ; and was dug out in the presence of the Eev. 
"W. Harpley, Mr. W. N. Bow, and myself, Jan. 15, 1866. 
Fig. 2 (ISTo. 1515, Gav&rn Joumol^ and Fig. 389, Evans) 
is that of a specimen, on the 
scale of one-half, linear, which 
Diay be said to connect the ovoid 
and lanceolate implements; dif- 
fering from the former in being 
pointed at one end and square 
at the other, but resembling 
them in being broadest not far 
from the middle. Its dimensions 
are considerably below those of 
the ordinary ovoid tools, whilst 
its breadth in proportion to its 
length is greater than in typical 
lanceolate specimens. It is of 
fine-grained cream-colour flint, 
and the patina covering its entire 
surface is more pronounced than in any other of the cavern 
* The numbers quoted from the Journal are those, not of tho 
specimens, but of the “ fuids” to which the speoimenB b^ong. 
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implements. Its faces are equally convex, and are chippe< 
^ver their whole surface. Its bilateral symmetry is aim os' 
perfect, and from its shape it seems adapted to have formec 
the point of a lance j but the lateral and basal edges are ii 
many pai'ts woim away, as if it had been used as a sort o 
scraping tool, and it has lost its extreme point. It wai 
found in The Gallery,” 83 feet from the nearest externa 



3. i Fig. 4. i 

entrance, in the second foot-level of cave earth, beneath a 
thick and continuous floor of stalagmite, May 8, 1866. 

Fig. 3 (ISTo. 1832, Cavern Joumai^ and Fig. 397, Evans) is 
a full-size representation of a tool, formed from a ridged flake, 
and exhibiting marks of having been in use as a scraping 
tool, not only at one end, but also at the sides. It was found, 
with two other such specimens and a flint chip, in tlie first 
foot-level of cave earth, beneath the continuous stalgamito 
floor, 13 inches thick, in “ The Yestibule,” upwards of 30 
feet from the northern enti'ance, November, 17, 1866. 

Fig. 4 (No. 3869, Cavern Journal^ and Fig. 391, Evans) 
gives views, on the scale of one-half, linear, of a remarkably 
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elegant instrument, made from a ridged or carinated fl 
but having three facets at the butt-end and a 1 
secondary ■working on one side. At the butt-end o 
face of the flake, not of the nodule, has been left in 
original condition; -whilst the ii 
face, as shewn in the figure, has 
the original surface of the flake air 
entirely removed by secondary w 
ing, and the edges have again 1 
retouched so as to make them < 
and sharp. The butt-end is ch 
like in form. It is of a sort of pie 
flint, being partly of a white and < 
where of a drab colour ; and was fo 
in the second foot-level of cave eti 
beneath the continuous floor of sts 
mite, which was 32 inches thick, in 
South-west Chamber/' upward} 
130 feet from the nearest exte 
entrance, in my plresence, July 4 1 
There were a few bones lying wit] 
and immediately below were thir 
molar teeth of horse, a canine toot 
hysena, and a gnawed bone. 

The specimens artificially wroi 
in bone are seven in number, of w 
five only are figured in this lecture, 
figures are all of full size. 

Fig. 6 (Ho. 1,835, Gavem Joui 
and Fig, 407, Evans) is that of a 1 
awl, sharply pointed at one end. It 
found, with several hones and five 
chips, in the black band, about 40 
from the northern entrance, below 
continuous and unbroken floor of stt 
Fig. 6. mite, 16 inches thick, November 

1866. The marks of the tool with which it was scraped 
shape are distinctly visible on it. 

Fig. 6 (No. 1,847, Cavern Journal, and Fig. 408, Ev 
represents a bone needle '' having a well-drilled ciro 
eye, but unfortunately without its lower or pointed i 
It is slightly taper in form and elliptical in transv 
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section. Its greatest diameter at the larger end is abou 
^075 inch, and where broken about *05 inch, so that it 
original length was probably about 2*55 inches. The ey 
is capable of receiying thread of about three-eightieths of a 
inch in diameter, or of the thickness of fine twine. Thi 
interesting specimen was found in the black band, beneat] 
the floor of gi*anular stalagmite, December 4, 1866 ; bu 
at that time, being almost entirely ■ enveloped in ^ 
stalagmite, from which the broken end alone pro- ^ 
jected, it was supposed to be merely a small bone » 
of no particular interest, and its true character was 
not discovered for nearly two years. During the 
interval, the ^^find,” of which it was one specimen, : 
had been placed by itself in a box, as in all other 
cases, and packed away in a room set apart for the - 

cavern specimens. On 24th September, 1868, ' ■ 

whilst I was preparing the osseous contents of a number o^ 
boxes for the inspection of Mr. Boyd Dawkins, one of the 
paleeontologists on the Cavern Committee, the investinc 
sbalagmite fell ofi* this specimen whilst it was in my hand 
and at once disclosed the true character of what had beer 


put aside as nothing more than a small ordinary bone 
Though it has received the name of a needle” it woulc 
probably be more correctly termed a bodkin,” as being toe 
slender to force a passage through skins of animals — ano 
there is no reason to suppose that there were any contem- 
porary textile fabrics — it was probably employed to carry 
threads through holes made with bone awls, such as that 
represented in Fig, 5, 

Such needles,” says Mr. Evans, have been found in 
considerablo’numbers in the caves of the age of La Made- 
laine, such as Les Eyzies, Laugerie Basse, Brimiquel, and 
the lower cave of Massak . . . They vary in length 

from 3^ inches to 1 inch, and some have been found that 
shew that after they had been accidentally broken through 
the eye, a fresh eye was drilled. That this could readily be 
efiected by means of a pointed flint was proved to demon- 
stration by the late Mons. E. Lartet, who both made bone 
needles and bored eyes in them by means of flint took 
alone.” ^ 


^ Ancient iStone p* 4(3k 
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Fig. 7 (Ko. 1,929, Cavern Journal, and Fig. 406, Evi 
is that of a well-fonned bone pin, found January 3, li 
in the foiirtb foot-level of cave earth — the greatest dept 
•v'hicli it has been excavated — in imm,ediate contact witl 



unworn crown of a molar tooth of a rhinoceros. Tertic 
over them there lay, in ascending order, four feet of ( 
earth ; then the black bond with its profusion of flint tc 
and remains of the hyesna and other cave mammals j ( 
this the granular stalagmitio floor, 20 inches thick, ■ 
fecfcly intact, and continuous in ^1 directions; this 
surmounted by the black mould; and the whole was crow 
with large blocks of limestone, cemented with carbonat 
lime into a firm mass, which reached the roof and ah 
completely separated the Vestibule ” from the rest of 
cavern.^ The pin is well made, has a distinct head, j 
immediately behind which it tapers ofiP to a sharp point 
is almost perfectly round, and has a considerable polish 
latter being in all probability the result of havin^r been' 
stantly used to fasten the skin dress of its owner.° 

Fig. 8 (No. 2,206, Cavern Journal, and Fig. 404 Ev 
represents a bone “ harpoon,’" found with a flint flake ai 
bone apparently cut ai’tificially, in the first or upper- 



Fig. 8. 


foot-level of cave earth, beneath the black band, wlilcli i 

loTnTo granular stalagmitio floor : 

1^ to 20 inches thick, and over this again was the b 
mu d with Ite Pre-Eoman objects, duroS it 

almost, and the other . 
pletely enveloped m stalagmite. Indeed, the latter no, 

« Wcted away with the entii-e “ find 

a small pipe or stem of stalagmite, and the discovery c 
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true oharacter was made, llTovember 28, 18G8, under ci 
^umstances precisely similar to those described in the csa 
of the ‘^needle/’ Though broken, it is very nearly perfec 
and is bavbed on one edge only. 

Another harpoon (ISTo, 1,970, Oavern Journal, and 
405, Evans), similarly bai’bed, was found with sixteen flin 
flakes and a flint core, in the black band, January 18, 186/ 
It is less perfect and has seen more service than Ko. 2,206 
Pig. 9 (No. 2,282, Cav&i'n Journal^ and Pig. 403, Evans 
is a representa- 
tion of a third 
bone har- 
poon,’’ which 
differs from 
those j list men- 
tioned in being 
barbed on two opposite sides, the barbs being also opposite, 
not alternate. It was found, March 18, 1867, in the second 
foot-level of cave earth, and over this was the usual succes- 
sion of deposits found in the “vestibule.” Like all bouos 
found in the cave earth, the “ harpoon” when applied tc 
the tongue firmly adheres to it; in other words, it has the 
condition which, from the spot it occupied, might have been 
expected. The striated mai'ks of the tool with which it was 
scraped into form are still distinctly visible in places. 
“ Harpoons,” both doubly and singly barbed, of precisely 
the same character, have been found in the Cave of La 
Madelaine, in the Dordogne, Prance, where they usually 
consist of reindeer horn, which was not improbably the case 
in the Kent’s Hole specimens^ also^ Implements of this 
kind have been found in numerous looSitiea on the Con- 
tinent. 

There was also found in the second dootlevel of cave 
earth, in the vestibule, Pebruary 4, 1867,\ aoti'.nine tooth of 
a badger, the fang of which had been reduced to a wedge- 
like form, and perforated obliquely, as if for the purpose of 
being stnmg. The overlying st^agmitic floor had been 
broken by the early explorers; but the superintendents of 
the investigation now in progress have no doubt that the 
soil in which the tooth lay was intact, and that the s])eci- 
men may be takep as ap indicatiop that the Cftve piep of 




26 


tlie cave earth period occupied themselves in mating 
ments as -well as objects of mere utility. 

Throuffli tlie assistance of Mr. Spence Bate, -wiio J 

or facets slopiii 
i 10. 4 opposite direc 

from a trans^ei’^ ridge about midway in its length 
flatness is strongly pronounced. At the butt-enc 
the convex face, it retains mucb of the original surfac 
the nodule, and shewo-that it was made from a well-r< 
pebble. The rest of the surface has a somewhat om 
coloured tint, derived, no doubt,- from the matrix in w 
it was found, On one or two small ii^rets near the p' 
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however, this tint does not appear, but the true whitish 
q^lour is displayed. . . ♦ ’Within the substance of the 

implement, and near the point, there is a small iiTegular 
quaitz pebble. . . . This specimen was found on 

November 27, 1872, at a depth of 16 inches in the undis- 
turbed breccia, under a block of limestone measuring 
24 X 14 X 14 inches, adjacent to the left wall of the 
'Arcade,’ 73 feet from its entrance, that is, about 160 
feet from the nearest external entrance of the cavern. No 
animal remains or other objects of interest were found 
near it.’’"*'' 

In looking at these deposits, I find that it is possible to 
classify them paleontologically. Tor instance, in the Black 
Mould, or uppermost deposit, the remains of sheep occur; 
hence, and so far as Kent’s Hole is concerned, I call that 
the "Ovine” or sheep deposit. The Granular Stalagmite, 
Black Band, and Cave Earth, contain the hymna as master 
of the situation. I call these the Hysenine deposits. 
The teeth in the dental formula of the hysena are compara- 
tively veiy few in number. Nevertheless, on taking all the 
teeth we have found, the hysena’s form from 30 to 40 per 
cent, of the whole series, shewing that the hysena was by 
far the most prevalent form. The cavern was his, home; 
and, liking his game very high, he dragged thither piece- 
meal such dead animals as he found beyond the cave ; there 
he ate them, and there he left fragments of their skeletons. 
The hyaena was a cave-dweller, but very few of the others 
were. If the hyaena had not been there the bones of the 
others would not have been there in all probability. Below 
the Gave Earth we have, omitting the few traces of lion and 
fox, nothing but the bear ; and we call the Crystalline 
Stalagmite and the Breccia it covers the' "Ursine”- or bear 
deposits. ’ , 

I now come to the mineral condition of the hopes. Those 
from the ovine deposit are light, and will fio «t in water. 
Below the ovine bed they are heavy, and will sink in water. 
They have acquired a large amount of mineral matter. Biit 
whilst the bones from the hysenine and ursine deposits are 
thus heavy, the one series can be distinguished from the 
other. Those from the ursine deposits emit a metallic ring 
• Seo Ec;port BHt, Aasoc., 1873, p. 206. 



28 


when struck, which the hyssuine specimens do not.' Bones 
from either of the deposits, except the ovine or uppermost, 
have lost their gelatine, and will stick to the tongue when 
applied to it. The bones are everywhere found lying 
together without any approach to anatomical juxtaposition — 
jaws and phalanges, shin bones and skulls, all mixed up J 
together without any sort of order. Moreover, the remains i 
of different kinds of animals are confusedly mixed together. 1 
Many of the bones in the cave earth are invested with thin I 
films of stalagmite. The explanation seems to be this : — - 1 
They lay for a considerable period upon what was for the / 
time the floor of the cavern, exposed to the drip from the/ 
roof; that drip caused an accretion of stalagmite over themjj 
then an instalment of cave earth was introduced and’i 
deposited, and pi'evented the continuation of that accretion, t 
Examples of this are met with at all levels in the deposit, \ 
and shew that the cave earth was introduced in small | 
quantities and with protracted interm ittences, and that 7 
there never was a time when the precipitation of the ( 
stalagmitic matter was not going on. Next, bones lying \ 
under great blocks of limestone (and -come of them weigh 
fully 100 tons) are crushed, but the fragments lie together 
and in juxtaposition. The bones were crushed w'here they 
lie by the limestone block encountering them in its fall as 
they lay on a hard, firm, unyielding surface — which shews 
that Dr. Mantel was wrong when he explained some of 
the phenomena of Kent’s Hole, discovered by MacEnery, by 
saying that the deposit was in a pulpy condition, and that 
such heavy objects as flint tools had sunk through it. (See 
Jour. Arclicoo. Inst. Great Britain and Irdand^ vol. vii., 
pp. 340-4:rr**^‘\hen we .have hones broken obliquely. 
These puzzlSed a good deal, bub ultimately convinced 

me that thty the work of the hyeena ; and as there 

is nothing ex'jf^riment for sucb questions, I went one 
day to the' hysenas in the Zoological Gardens, 

Loudon, and . S)e iu+roducod fo -the most powerful 

of hia hyjenas, an^ requested him, if consistent with his 
duty, to give Jack” a shin bone. It was c^^plied with, 
and Jack was so good as operate on the bonef^my edifica- 
tion, when he proceeded thus : — He took the bone between 
and across bis jaws, with one end ^^fair’^ with his lips on 
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one side, and tlie otter end projecting on tlie otter That 
projecting end te set on the floor, and tten placing his foot 
on’' the bone, between the end and his jaws, te, by heaving 
and wrenching, broke it. This is what he produced, and 
this is one from the caveni. Are they not as like as 
two peas? I said to the keeper — ^^If quite consistent 
with your duty, give Jack any number of shin bones during 
the next week, and ci’ib from him what you can.” When I 
returned to the Gardens at the end of the week, I found a 
considerable number of bones put aside for me, and all 
broken after the same t3rpej when I felt perfectly satis- 
fied *that the obliquely-broken bones so frequently found 
in the cavern had been operated on by hyasnas. Teeth 
marks of the hyeena are found on many of the cavern 
bones; and Mi\ Young of your museum shewed me to-day 
some Kent’s Cavern bones, sent there long ago by Dr. Duck- 
land, and on these I saw the teeth marks; and I trust that 
if any of you are sceptical on the point, you will go there 
aud see them. When a hymna got possession of a jaw he 
appears to have first taken off the condyles, as almost all 
the jaws found in the cave earth have lost their condyles. 
Next he removed the lower border of the jaw, leaving 
the upper border and the teeth intact. Then there woi^e 
hones split longituclinally. Though satisfied that the infra- 
human animals could not do that, for information about it 
I went to the Zoological Gardens, and talked thus with the 
man who kept the lions and tigers : — “ Can your most 
powerful lions or tigei^ split bones in that way ?” *^No.’’ 

‘^But they like marrow. How do they get it?’' We 
tell the butcher to split the bones for them.” By whom, 
then, wei'e these bones s|fiit? Surely man must have 
done it. But how could man split a bone longitudinally, 
seeing that his most powerful tools were flint implements, 
such as those now before us? I set to work to see whether 
a man as destitute of tools as tlie men of the cave-earth 
era could not have split a hone. I observed that the arti- 
culating ends of tho split bones were gone, and assumed 
that to have been a preliminaiy step in the work. I sent 
to the butcher to send me shin bones of ox, and they came 
up in considerable numbers. Then finding, not shaping, a 
large stone in a rockeiy which looked likely to do very well 
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for an anvil, I dealt the hone a blow on it, a^d thereby 
did nothing towards solving the problem. I then put tlio 
bone on the anvil, with one end projecting, and holding ib 
firmly in that position, I took another stone as an extempo- 
rised sledge, and dealing it a heavy blow, broke the end of 
the bone off short, and then broke off the other in the 
same way. Then it became clear that if our savage friend 
wanted the marrow, ho might take a bit of stick and 
pick it out, and need not be at the pains of sjoUitmg the 
bone. I went then to a tree in my "garden, and broke 
down a branch, stripped it of the twigs, and inserted in 
the cavity the smaller end of the branch, and then using 
the stick and bone united, as a pavior uses his rammer,’' 
at length succeeded in siditting the bone. I don’t say 
that that was the way they were split, but I do say that 
man could have split them thus j and that his object was 
not to get the marrow, but laths” of bone to make bouo 
implements, such as we know he used. 


"With reference to the hlcich hand near the doorway, I 
believe that to have been more especially the dwelling- 
place of the ancient cave men. They selected the spot 
because it was one of the driest parts of the cavorn, 
because it was conveniently near the entrance, and because 
the daylight entering through the entrance was avalhiblo. 
I have sat on the spot, and written letters and read small 
print without making use of arfcifical liglit. Indeed, tluu-o 
IS, in my opinion, a good deal of error about the defective- 
ness^ of light in caverns. ^ Thus, my friend Mr. Prcsbwicli 
speaKs of objects found in Brixham Cavern “30 and 50 
feet (and in one case as many as 74 feet) from the nearest 
external entrance, where, ho says, little if any light could 
penetrate. {Phil Trans.^ voL clxiii,, jit. 2, p. 5G4.) To 
test this I went into Kent’s Cavorn, and selected a spot 
where the light did not enter under more favourable cir- 
cumstances than in Brixham Cavern, and sat down 90 feet 
from the entrance. I scattered about a number of keys 
and coppers, and other small objects, and then wrote a 
passage in a paper, using the daylight which reached mo 
only, (bee Trans. Devon, Assoc., vol. vi., pp, 850-51.) X 
then gathered lip my keys, coppers, &c., and found that 
I had lost nothing whatever. Our poor fellows in the 
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!;iriraea w5iild haye been glad of sucb a Lome as Kent’s 
laiierD, for it is quite a warm place. I may state in 
►assing, that if you get into sucb a cayern, one t’eading of 
he thermometer suffices for the whole year. The in- 
uence of day and night, of summer and winter is not 
dt there. The temperature is unyaryiug, and is the 
lean annual temperature of the district. As nearly as 
ossible, at Torquay. On the area of the black 

mdj I presume, these men lived ; there ; they made their 
res; there they chipped their flints into implements, 
[ence the large number we found there ; hence the bone 
lols we found there, the burnt bones, and the prodigious 
noimt of charcoal. A friend of mine said, If you light 
Are there, you will send the people to death, To test 
is I got six faggots of wood, piled thorn one on another, 
id set fire to them. A clergyman, my son, myself, and 
0 workmen sab round until the whole were consumed, 
d we not only live to tell the tale, hut were in no way 
convenienced by the smoke. 

There are several questions you would like to ask mo, 
doubt ; but the present lecture is one of four or five on 
3 same subject. I have put before you the facts of the 
;^ern, and you can draw the inferences. It may be as 
11, howevoi', to state just one or two things. The black 
uld, the oveidjing or most recent of the deposits, must 
worth, as a minimum, two thousand years, and may bo 
rth twenty thousand; and everything below it is older, 
en that granular stalagmite was formed slowly. Tliero 
inscriptions on it probably not more than one-eighth of 
inch deep when they were cut. The 250 years that 
^0 elapsed since then have produced a mere film, which 
not only failed to oblitemte them, but is not more than 
-twentieth of an inch thick. That, were we sure that 
rate of accretion had been uniform, would give 6,000 
rs for an inch of the stalagmite. I don’t say you must 
3 that as a chronometer, but I do say to those who 
set to it (and I do not say that I accept it myself), Tell 
why you object.” Suppose that it was formed fifty 
es faster, still the stalagmite is but one unit in the scale, 
fifty times quicker than the present ^te .will lead you 
result at whi<?h our fathers woulcrdiave stood aghast 
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Belo-w that comes the cave earth, and below that again tTio 
prodigiously thicker crystalline stalagmite, and still bukiw 
that the breccia. 

It appears to me perfectly safe to believe that if tho 
hyffiiia had been in the country during the iiraino or brocoiti 
era, his remains would be found in the breccia. lirittiin 
must have been continental after this earliest of tho cavofii 
periods, during which man, but not tho hymna, was liviu."’ 

in pevonahiro. If my conclasioii is a sound one, thou tho 

earliest Devonshire men known to us saw Britain an i.shirul, 
as we see it. Their descendants or succossoi'.s saw it suh- 
sequently continental. Their successors again saw it an 
island. Indeed, unless tho men of tiie ursiuu ora hiul tho 
means of navigation, they must have reached Britain duHiig 
tho earlie.st of its Pleistocene continental periods. In short 
they were either inter-glacial or pre-glaoiul. '* 

Now comes another question. Was tho jivimal mnn 
supposing we are at liberty to uso sucli a iihra.so, a auvu'ro 
or a civilised being? I cannot answer this; but I kiuHv 
that the farther I have pursued man into antiqiiitv tho 
ruder he has turned out to bo. I don’t say tliat Im” ha.s 
not descended from ancestora va.slly suporior to binisidf'- 
but if so, the ancestors aro to ho sought in a still nioro 
remote antiquity. Further, if there were such lunn of 
ohei culkire and higher attaininonte tliau tlioso in tho 
ursine period, why is it that wo do not in tlio ohlur do- 
posits hnd a gi-eater number and a groator variety of moro 
^ghly finished tools? When tlioy aro forthcoming srioiu'O 
jiR receive them ptefully; and if they aro never produood 
I tiust those who have led us to expect tliom will iadoavmiv 

^Tthf I onieavom ng to ^ 

■with the evidence of the antiquitv of mnnJ w!? ^ 

antiquity very far beyond that n7+/ 
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IiT a book witk wbicli we are all familiar, amid other wise 
utterances, this one occurs : Oast thy bread upon the 

waters ; for thou shalt find it after many days.” In more 
senses than one this precept is illustrated by my presence 
iere to-night Firstly, in a general sense, I stand indebted, 
noiully and intellectually, to the jx»ets, historians, and philo- 
lophers of Scotland. Secondly, in a special sense, it so hap- 
)ens that one of the first rootlets of my scientific Life deriv^ 
ts nutriment from this city of Glasgow. In early youth it 
7as my ambition to qualify myself for the profession of a 
Lvil engineer, and os I grew up one of my aids toward the 
ttainment of this object was the study of a periodical then 
ublkhed in Glasgow, and called 27^^s Practical Mechanics 
nd Engineers MagcLziTie. In that journal I read, with an 
iterest unfelt before, a series of essays on various depart- 
ents of science — on anatomy and physiology, on geology, 
X mechanics, on arithmetic, and on natural philosophy and 
Lemistry. Biography and history were also includ^ while 
detached articles various collateral subjects were discussed, 
ch, for example, as the difference between Hewton and 
iibnitz as to the measure of moving force. It was there 
it I first learned what Leslie had done iu Edinburgh, and 
lat Davy hod done in the Eoyal Institution. And I can 
w call to mind the day and hour when the yearning to 
jseas such apparatus as Leslie and Davy possessed, and to 
titute with it such inquiries as they had instituted, rose 
a kind of prophetin stieng;th within me — ^prophetic, for it 
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Las come to pass tliat mj own studies as a scientifi' 
liave been in gimt part pursued in that particular d 
which had bem enriched by the discoveries of Leslie ; 
the very instroments used by Davy, and which I firs 
figured in the pages of the journal just mentioned, a 
identical and familiar instruments with which my le^ 
in London are now illustrated 

Another point brought more or less home to me in 
early days was the injury inflicted on the learner b; 
scientific exposition It does more than the negative df 
of withholding instruction It daunts the young mine 
saps the motive power of self-reliance. This I had 
rienced ; and the essays referred to had this special 
for me, that they not only instructed me, but gave me 
in my own capacity to be instructed. Since those d; 
have written books myself, and in doing so have tri 
remember, and to act on the remembrance, that the h 
Spent in logically ordering one^s thoughts, and in 
what one h^ to say clearly and correctly, is labour 
bestowed 

The position assumed at the outset has, I think, been 
made good. Glasgow in my case cast its bread upoi 
waters, and lo I it has returned after many days. 0; 
nutritive value of the return it is not for me to speak 
it may well have been soured by foiiniitous ferments, n 
the world’s tainted atmosphere with the first pure le 
^i'^ved from the pages of TJie Fractical MecJianiFs 
Magazine, 

The figure of speech here employed will become ] 
inteUig'ble as we proceed ; for it is my desire and intei 
to spen^ the coming hour in speaking to you about ferm 
not m a^iuetaphorical, but in a real sense. Proper treat] 
m, I^aij' persuaded, the only thing needed to make the 
ject ^Qtli pleasant and profitable to you. Por our knowl 
fermentation, and of the ground it covers, has augme 
surprisingly of late, while every fresh accession to that ki 
ledge strengthens the hope that its final issues will be o: 
calculable advantage to mankind 

One of tbe most remarkable characteristics of the 



5 


which live, is ite desire and tendency to connect itself 
organically with preceding ages — to ascertain how the state 
(jf things that now is came to be what it is. And the more 
earnestly and profoimdly this problem is studied, the more 
clearly comes into view the vast and varied debt which the 
world of to-day owes to that fore-world, in which man by 
skill, valour, and well-directed strength first replenished and 
subdued the .eai*tL Our pie-historic fathers may have been 
savages, but they were clever and observant ones. They 
founded agriculture by the -discovery and development of 
seeds whose origin is now irnknowm They tamed and har- 
nessed their animal antagonists, and sent them down to us 
as ministers, instead of rivals in the fight for lifa Later 
on, when the claims of luxury added themselves to those of 
necessity, we find the same spirit of invention at work. We 
have no historic account of the first brewer, but we glean 
from history that his art was practised, and its produce 
relished, more than two thousand years ago. Theophrastus, 
who svas born neai-ly four hundred years before Christ, de- 
scribed beer as the vdne of barley. It is extremely diificult to 
preserve beer in a hot countiy, still, Egypt was the land in 
which it was first brewed, the desire of man to quench his 
thirst with this exhilai'atiag beverage overcoming all the 
obstacles which a hot climate thi'ew in the way of its 
manufactui'e. 

Our remote ancestoi’S had also learned by experience that 
wine maketh glad the heart of man. Noah, we are informed, 
planted a vineyard, drank of the wine, and experienced the 
consequences. But, though wine and beer possess so old a 
histoiy, a very few years ago no man knew the secret of 
their formation. Indeed, it might be said that until the 
present year no thorough and scientific account was ever 
given of the agencies which come into play in the manufac- 
ture of beer, of the conditions necessary to its health, and of 
the maladies and vicissitudes to which it is subject. Hithei'- 
to the ai't and practice of the bi'ewer have resembled those 
of the physician, both being founded on empirical observa- 
tion, By this is meant the observation of facts apart from 
the prmciples which explain them, and which give the mind 
an iatelligent mastery over them. The brewer leaimt from 
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long experience the conditions, not the reasons of success,' 
But he had to contend, and he has still to contend, against 
unexplained perplexities. Over and over again his care ha^ 
heen rendered nugatory ; his beer has fallen into acidity or 
rottenness, And disastrous losses have been sustained, of' 
whioh he has been unable to assign the cause. It is the 
hidden enemies against which the physician and the brewer ^ 
have hitherto contended, that recent researches are dragging 
into the light of day, thus preparing the way for their final 
extermination. 

Let us glance for a moment at the outward and visible 
signs of fermentation, A few weeks ago I paid a visit to a 
private still in a Swiss chalet ; and this is what I saw. In 
the peasant’s bedroom was a cask with a very large bung- 
hole carefully closed. The cask contained chenies which 
had lain in it for fourteen days. It was n(^ entirely filled 
with the fruit, an air-space being left ab(We the cherries 
when they were put in, I had the bung removed, and a 
small lamp dipped into this spaca Its flame was instantly 
extinguished. The oxygen of the air had entirely ^disap- 
peared, its place being taken by oarbonio ncid gas.^ I 
tasted the cherries : they were very sour, though when put 
into the cask they were sweet. The cherries and the liquid 
associated with them were then placed in a copper boiler, to 
which a copper head was closely fitted. From the head pro- 
ceeded a copper-tube which passed stmght through a vessel 
of cold water, and issued at the other side. Under the open 
end of the tube was placed a bottle to receive the spirit dis- 
tilled. The flame of small wood splinters being applied to 
the boiler, after a time vapour rose into the head, passed 
through the tube, was condensed by the cold of the water, 
fell in a liqitid fillet into the bottle. On being tasted, 
it proved to be that fiery and intoxicating spirit known in 
commerce as Klirsoh or Earschwasser. 

The cherries, it should be remembered, were here left to 
themselves, no ferment of any kind being added to them. 
In this respect what has' been said of the cherry applies also 

* The gna 'whioh is exhaled from the lungs after the oxygen of the 
air has done its duty in purifying the blood, the same also \vhioh effer- 
vesces from soda water and champagne. 
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to the grape. At the vintage the tiniit of the vine is placed 
in proper vessels, and abandoned to its own aetiorL It fer- 
Kiente, produciog cai’bonic acidj its sweetness disappears, 
and at the end of a certain time the nnintoxieating grape- 
juice is converted into intoxicating wine. Here, as in the 
case of the cherries, the fermentation is spontaneous — in 
what sense spontaneous will appear more clearly by-and-by. 

It is needless for me to tell a Glasgow audience that the 
beer-brewer does not set to work in this way. In the first 
place the brewer deals not with the juice of fruits, but with 
the juice of barley. The barley having been steeped for a 
sufficient time in water, it is drained, and subjected to a 
temperature sufficient to cause the moist grain to germinate, 
after which it is completely dried upon a kiln It then 
receives the name of malt. The malt is crisp to the teeth, 
and decidedly sweeter to the taste than the original barley. 
It is ground, mashed up in warm water, then boiled with 
hops until all the soluble portions have been extracted, the 
infusion thus produced being called the wort. This is drawn 
off, and cooled as rapidly as possible ; then, instead of 
abandoning the infusion, as the wine-maker does, to its own 
action, the brewer mixes yeast with his wort, and places it 
in vessels, each with only one aperture open to the air. 
Soon after the addition of the yeast, a brownish froth, 
which is really new yeast, issues from the aperture, and falls 
like a cata/ract into troughs prepared to I'eceive it. This 
frothing and foaming of the wort is a proof that the fermen- 
tation is active. 

Whence comes the yeast which issues so copiously from 
the "fermenting tub 1 WTiat is this yeasty and how did the 
brewer become in the fiast instance possessed of it? Exa m i n e 
its quantity before and after fermentation. The brewer 
introduces, say 10 cwte. of yeast; be collects 40, or it may 
be 50 cwts. The yeast has, therefore, augmented from four 
to five fold during the fermentation. Shall we conclude that 
this additional yeast has been spontaneously generated by 
the wort 1 Are we not rather reminded of that seed which 
feu into good ground, and brought forth fruit, some thiiijy- 
fold, some sixty-fold, some an hundred-fold ? On examina- 
tion this notion of organic growth turns out to be more than 
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a more surmise. In the year 1680, whm the microscope 
was still in its infancy, Leeuwenhoek turned the instrument 
upon this substance, and found it composed of minute glob* 
ules suspended in a liquid. Thus knowledge rested until 
1835, when Cagniard de la Tour in France, and Schwann in 
Gennany, independently, but animated by a common thought, 
turned microscopes of improved definition and heightened 
powers upon yeast, and found it budding and sprouting 
before their eyes. The augmentation of the yeast alluded to 
above was thus proved to arise from the gro'^h of a minute 
plant, now called Tcrula (or Sc$ochaT(miyces) OeremdcB, 
Spontaneous generation is thei'efore out of the question. 
The brewer delibemtely sows the yeast-plant, whioh grows 
and multiplies in the wort as its proper soil. This discovery 
marks an epoch in the history of fermentation 

Blit where did the brewer find his yeast 1 The reply to 
this question is similar to that which must be given if it 
wei'e asked where the brewer found his barley. He has 
received the seeds of both of them from preceding genera- 
tions. Could we connect without solution of continriity the 
present with the past, we should probably be able to trace 
back the yeast employed by my friend Sir Fowell Bnxton 
to-day, to that employed by some Egyptian brewer two 
thousand years ago. But you may urge that there must 
have been a time when the first yeast cell was generated. 
Granted — exactly as there was a time when the first barley- 
corn was generated. Let not the delusion lay hold of you, 
that a living thiug *is easily generated, because it is small 
Both the yeast-plant and the barley-plant lose themselves in 
the dim twilight of antiquity, and in this our day there is no 
more proof of the spontaneous generation of the one, than 
there is of the spontaneous generation of the other. 

I stated a moment ago that the fermentation of grape-juice 
was spontaneous ; but I was careful to add, in what sense 
spontaneous will appear more clearly hy-and-by.’^ Now this 
is the sense meant The wine-maker does not, like the 
brewer and distiller, deliberately introdiice either yeast, or 
any equivalent of yeast, into his vats ; he does not consci- 
ously sow in them any plant, or the germ of any plant; 
indeed, he has been hitherto in ignorance whether plants or 
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germs of any kind liave kad anything to do with hia operar- 
tions. Still, when the fermented grape-juice is examined, 
the living Torula concerned in alcoholic fermentation never 
foils to make its appearanca How is this ? If no living 
germ has been introduced into the wine vat, whence comes 
the life so invariably developed there ? 

You may be disposed to reply with Turpin and others, 
that in virtue of its own inherent powers, the grape-juice, 
when brought into contact with the vivifying atmospheric 
oxygen, runs spontaneously and of its own accord into these 
low forms of lifa I have not the slightest objection to this 
explanation, provided proper evidence can be adduced in 
support of it. But the evidence adduced in its favour, as 
far as I am acquaiated with it, snaps asunder under the 
least sti^in of scientific criticism. It is, as far as I can see, 
the evidence of men, who, however keen and clever as 
observers, are not rigidly ti’ained ea^&rimerUers, These alone 
are aware of the precautions necessary in investigations of 
this delicate ldn<L In reference, then, to the life of the 
wine vat, what is the decision of experiment when earned 
out by competent men ? Let a quantity of the clear, filtered 
“ must ” of the grape be so boiled as to destroy such germs 
as it may have contracted from the air or olierwise. Li 
contact with germless air the uncontaminated must never 
ferments, .AJJ the materials for spontaneous generation are 
there, but so long as there is no seed sown there is no life 
developed, and no sign of that fermentation which is the 
concomitant of life. Hor need you resort to a boiled 
liquid. The grape is sealed by its own skin against contam- 
ination from without. By an ingenious device Pasteur has 
sxti'acted from the interior of the grape its pure juice, and 
proved that in contact with pure air it never acquires the 
oower to ferment itself, nor to produce fermentation in other 
iquida.^ It is not, therefore, in the inteiior of the grape 
hat the origin of the life observed in the v&t is to be 
ought, 

* The liquids of the healthy animal body are also sealed from 
xternal contamination. Pure bloody for example, drawn with due 
recautiond from the veins, will never ferment or putrefy in contact 
-ith pure air. 
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'WHiat tlien is its ti-ue origin '? This is P«Hfc<?«r s niisw 
yhich. his well-proved accunicy renders worthy of ail etn 
donee* At the time of the vintage microecopic jwirtieles i 
obseiwed adherent, both to tlio outer surface of the gni 
uud of the twigs which sup})oiii the gmpe* Urush tli< 
particles into a capBiile of pui-o water. It is rendered tur) 
by the dust. Examined by a luioroscopo some of tlu 
^linute particles are seou to pivseut the appeamuce 
organised colls, Instead of receiving tiuon in water, I 
them bo brushed into tlio pure inert juice of the gmj 
PoHy-oight houi's after tins is done, om* familiar Taurida 
4>baorved budding and sjunuting, tlio gmwth of the phv 
being accompanied by all the other signs of iictiv<j feriiumt 
lion* What is the inference to ho dmwn from this expo] 
incut 1 Obviously that the pai*tiolcs adherent to the exUa*Ji 
fcnuf;ice of the guvpe include the gerniB of that life whie! 
after tlioy have been so>vn in the juice, appeal’s in 8 \k 
profusion. Wine is sometimes objected to on the groun 
that feriuonhition is arfcihcial ; but we notice bore th 
responsibility of nature. The form out of the gi’a])o cliu)^ 
like a parasite to the siuface of the gi'ape, and the art of tli 
wino-nuiker from time ini memorial has consisted in briugin 
— and it may bo added, ignorantly biinging — two thing 
thus closely associated by mituro into actual contact witi 
each other. Eor thouBanclH of years, what luis don 

consciously by the brewer, has been done uncoiiHciouHly >r 
the wine-gi’owor. The one Inia sown his leaven just as mucl 
UB the other. 

Kor is it necessary to impregnate the bcoi'-wort with yeaff 
to provoke fei’mentation. Abandoned to the contact of om 
common air, it sooner or later fennentH; bub the cbauce* 
nro that tlio produce of that fernicnt(ition, inattnul of Indn^ 
u^rceablo, would be disgusting to the taste. By a I’an 
ucuident we might got the tine alcoholic fex'moiitation, Imt tlu: 
odds against obtaining it would be enormous. Pure air acting 
upon a lifeless liquid wiU never provoke fermeiitatiou; hut 
imr ordinary air is the vehicle of numberless germs which 
4iot oa ferments when they fall into approjiriato infusions, 
i^ome of them produce acidity, some putrefaction. The 
^rms of our yeast-plant ai'e also in the airj but so sparingly 



11 ! 


'distrib^iiad tHai an infusioii like b^r-wort, exposed to tie 
ji.iVj is almost sure to be taken possession of by foreign 
organisms. In fact tke maladies of ‘beer are wholly due to 
the admixture of these objectionable 'fennents, whose forms 
and modes of nutrition (Mfer materially from those of the 
time leaven. 

Working in an atmosphere charged with the geims of 
these organisms, you can understand how easy it is to fall 
into error in studying the action of any one of them. 
Indeed it is only the most accomplished experimenter, who, 
moreover, avails himself of every means of checking his 
conclusions, that can walk without tripping through this 
land of pitfalls. Such a man is the French chemist Pasteur. 
He has taught us how to separate the commingled fer- 
ments of our air, and to study their pure individu^ action. 
Guided by him, let us fix our attention more partioulai'ly 
upon the growth and action of the true yeast-plant under 
different conditions. Let it be sown in a fermentable liquid, 
which is supplied with plenty of pure air. The plant will 
flourish in the aerated infusion, and produce large quantities 
of carbonic acid gas — a compound, as you know, of cai*bon 
and oxygen. The oxygen thus consumed by the plant is 
the free oxygen of the air, which we suppose to be abundantly 
supplied to the liquid. The action is so far similar to the 
respiration of animals, which inspire oxygen and expii’e 
carbonic acid. If we examine the liquid even when the 
vigour of the plant has reached its maximum, we hardly find 
in it a trace of alcohol The yeast has grown and flourished, 
but it has almost ceased to act as a ferment. And could 
every individual yeast cell seize, without any impediment, 
free oxygen from the surroundiug liquid, it is certain that 
it would cease to act as a fennent altogether. 

What, then, are the conditions under which the yeast- 
plant must be placed so that it may display its chai'acteristic 
quality ? Pefleotion on the facts already refeiTed to suggests 
A reply, and rigid experiment confirms the suggestion. Con- 
sider the Alpine cherries in their closed vessel. Consider 
the beer in its barrel, with a single small aperture open tu 
the air, through which it is observed not to imbibe oxygen, 
•but to pour forth carbonic acid. Whence come the volumes 
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of oxygen necessary to the production of this latter gas ? The 
small quantity of atmospheric air dissolved in the wort and 
overlying it would be totally incompetent to supply the 
necessary oxygen. In no other way can the yeast-pJant 
obtain the gas necessary for its respiration than by wrench- 
ing it from surrounding substances^ in which the oxyt^en 
exists, not free, but in a sta-te of combination. It decomposes 
the sugar of the solution in which it grows, produces heat 
breathes forth carbonic acid gas, and one of the liquid pro- 
ducts of the decomposition is our familiar alcohol. The act 
of fermentation, then, is a result of the effort of the httle 
plant to maintam its respiration by means of combined oxy(>en, 
when its supply of free oxygen is cut off. As defined^ by 
Pasteur, fecrmentation is life without air. ^ 

Put her© the knowledge of that thorough investigator 
comes to our aid to warn us gainst errors which have been 
committed over and over again. It is not all yeast cells that 
can thus live -without air and provoke fermentation. They 
must be young ceils which have caught their v^etative 
vigour from contact with free oxygen. But once possessed 
of this v^our the yeast may be ti-ansplanted into a saccTiar- 
ine infusion absolutely purged of air, where it will continue 
to live at the expense of the oxygen, carbon, and other con- 
stituents of the infusion. Under these new conditions its 
life as a plant will be by no means so vigorous as when it 
had a supply of free oxygen, but its action as a f&rTnmt will 
be indefinitely greater. 

Does the yeast-plant stand alone iu its power of provoking 
alcoholic fermentation ? It would be singular if amid tbe 
multitude of low vegetable forms no other conld be found 
capable of acting in a similar way. And here again we have 
occasion to marvel at that sagacity of observation among the 
ancients to which we owe so vast a debt. Not only did they 
drover the alcoholic ferment of yeast, but they had to exer- 
cise a wise selection in picking it out from others, and caving 
it special prominence. Place an old boot in a moist pW 
or expose common past© or a pot of jam to the air; it soon 
becomes coated with a blue-green mould, which is nothing 
else than th© fiuctiffcation of a little plant caUed Pmicillium 
gkeucum. ■ Do not imagine that the mould has sprung spon- 
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taneonslj from boot, or paste, or jam ; its germs, wliicli aria 
aT^undant in the air, have been sown, and have germinated, 
in as legal and legitimate a way as thistle-seeds wafted by the 
wind to a proper soil. Let the minute spores of PemdUium ' 
be sown in a fermentable liquid, which has been previously 
so boiled as to kill all other spores or seeds whioh it may 
contain ; let ptue air have free access to the mixture ; the 
PemciUium will grow rapidly, striking long filaments into 
the liquid, and fructifying at its surface. Test the infusion 
at various stages of the plant’s growth, you will never find 
in it a trace of aloohoL But forcibly submerge the little 
plant, push it down deep into the liquid, where the quantity 
of fr'ee oxygen that can reach it is insufficient for its needs, 
it immediately begins to act as a ferment, supplying itself 
with oxygen by the decomposition of the sugar, and produc- 
ing alcohol as one of the results of the decomposition. Many 
other low microscopic plants act in a similar manner. In 
aerated liquids they flourish without any production of alco- 
hol, but cut off from free oxygen they act as ferments, pro- 
duciog alcohol exactly as the real alcoholic leaven produces 
it, only less copiously. For the right apprehension of all 
these facts we are indebted to Pasteur. 

In the cases hitherto considered, the fermentation is 
proved to be the invariable correlative of life^ being produced 
by organisms foreign to the fermentable substance. But the 
substance itself may also have withiu it, to some extent, the 
motive power of fermentation. The yeast-plant, as we have 
learned, is an assemblage of living cells i but so at bottom, 
as shown by Schleiden and Schwann, are idl living organisms. 
Cherries, apples, peaches, pears, plums, and gi'ai:>es, for ex- 
ample, are composed of c^s, each of which is a living unit. 
And here I have to dii'ect your attention to a point of ex- 
treme interest. In 1821 the celebrated French chemist 
B^raid established the important fact that all ripening fruit, 
exposed to the free atmosphere, absorbed the oxygen of the 
atmosphere, and liberated an approximately equal volume of 
carbonic acid. He also found that when ripe fruits were 
placed in a confined atmosphere, the oxygen of the atmo- 
sphere was first absorbed, and an equal volume of carbonic 
awfid given out. But the process did not end hera After 
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tHe oxygen ranislied, carbonic acid, in considerable 
quantities, continued to be exhaled by the fruits, which^at 
the same time lost a portion of their sugar, becoming more 
acid to the taste, though the absolute quantity of acid wa;& 
not augmented. This was an observation of capital impoit- 
ance, and B6rard had the sanity to remark that the pro 
cess might be regarded as a kind of fermentation. 

Thus the living cells of fruits can absorb oxygen and 
breathe out carbonic aci^ exactly like the living cells of the 
leaven of beer. Supposing the access of oxygen suddenly 
cut off, Tvill the living fmit-cellB as suddenly die, or will 
they contiiiue to live as yeast lives, by exti'acting oxygen 
from the saccharine juices round them? This is a question 
of extreme theoretic significance. It was first answered 
afiShmatively by the able and conclusive experiments of Le- 
chartier and Bellamy, and the answer was subsequently con- 
firmed and explained by the experiments and the reasoidng 
of Pasteur. B4rard only showed the absorption of oxygen 
and the production of carbonic acid ; Lechartier and Bellamy 
proved the production of alcohol, thxis completing the evi- 
dence that it w^ a case of real fermentation, though the 
common alcohoho ferment was absent. So full was Pasteim 
of the idea that the cells of a finiit would continue to Hve at 
the expense of the sugar of the fruit, that once in his labora- 
tory, while conversing on these subjects with M. Dumas, he 
exclaimed, I will wager that if a grape be plunged into an 
atmosphere of carbonic acid, it wiU produce alcohol and car- 
bonic acid by ihe continued life of its own cells — ^that they 
will act for a time like the cells of the true alcoholic leaven.^^ 
He made the experiment, and found the result to be what he 
bad foreseeru He then extended the inquiry. Placino* 
under a bell-jar twenty-four plums, he filled the jar with ca^ 
bonic acid gas ^ beside it he placed twenly-four similar plums 
■uncovered,^ At the end of eight days he removed the plums 
from the jar, and compared them with the others. The 
difference was extraordinary. The uncovered fruits had be- 
come sofl^ watery, and very sweet ; the othera were firm and 
hard, their fleshy portions being not at aU watery, They 
had, moreover, lost a considerable quantity of their sugar* 
They afterwards bruised, and the juice was distilled* 
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It yielded six and a talf grammes of alcohol, or one per cent, 
of the total weight of the plums. Neither ;m th^e plums, 
nor in the grapes fii'st experimented on ' By Pasteur, could 
any trace of the ordinary alcoholic leaven 'be found. As 
previously proved by Lechartier and Bellamy, the fermenta- 
tion was the work of the living cells of the fruit itself, after 
^ had been denied to them. When, moreover, the cells 
were destroyed by bruising, no fermentation ensued. The 
fermentation ’was the correlative of a vital act, and it ceased 
when life was extinguished. 

Ltldersdorf was the first to show by this method that 
yeast acted not, as Liebig had assumed, in virtue of its 
organic, but in virtue of its organised character. He de- 
stroyed the cells of yeast by rubbmg them on a groimd glass 
plate, and found that with the destruction of the organism, 
though its chemical constituents remained, the power to act 
as a ferment totally -disappeared. 

One word more in reference to Liebig may find a place 
here. To the philosophic chemist thoughtfully pondering 
these phenomena, familial' with' the conception of molecular 
motion, and the changes produced by the interactions of 
purely chemical forces, nothing could be more natural than 
to see in the process of fermentation a simple illustration of 
molecular instability, the ferment propagating to suiround- 
ing molecular groups the overthrow of its own tottering 
combinations. Broadly oonaideied, indeed, there is a certain 
amount of truth in this theory ; but Liebig, who propounded 
it, missed the very kernel of the phenomena when he over- 
looked or contemned the part played in fermentation by 
microscopic life. He looked .at tbe matter too little with 
the eye of the body, and too much with the spiritual eye. 
He practically neglected the microscope, and was unmoved 
by the knowledge which its revelations would have poured 
in upon his mind. His hypothesis, as I have said, was 
natural — ^nay, it was a striking illustration of Liebig's power 
to penetrate and unveil molecular actions ; but it was an 
error, and as such has proved an ignis fatuus instead of 
a fluvros to some of his followers. 

I have said that our air is full of the germs of ferments 
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differmcr from tiie aJcoIiolic leaven, and sometimes seriousl; 
interfe^ng with the latter. They are the weeds of thi 
microscopic garden which often overshadow and choke ^ 
flowers. Let ns take an illustrative case. Expose bDile< 
Tnilk to the air. It will cool, and then turn soui', separating 
like blood into clot and serum. Place a drop of this sou: 
milk tmder a powerful microscope and watch it closely. Yoi 
see the minute butter-globules animated by that curioni 
quivering motion called the Brownian motion.^ But lei 
not this attract your attention too much, for it is anothei 
motion that we have now to seek. Hore and there yon ob- 
serve a greater disturbance than ordinniy among the glob- 
ules j keep yonr eye upon the place of tumult, and you will 
probably see emerging from it a long eel-like organism, toss- 
ing the globules aside and wriggling more or less lupidly 
across the field of the microscope. Parailiiir with one sample 
of this organism, which from its motions receives the name 
of vibrio, you soon detect numbers of them. It is these oi‘- 
ganisms, and other analogous though appai’ently motionless 
ones, which by decomposing the milk render it sour and 
putrid. They are the lactic and putrid ferments, as tho 
yeast-plant is the alcoholic ferment of sugar. Keep thorn 
and their germs out of your milk, and it will continue sweet.. 
But milk may become putrid without becoming sour. Ex- 
amine such putrid milk microscoifically, and you find it 
swarming with shorter organisms, sometimes associated with 
the vibrios, sometimes alone, and often manifesting a won- 
derful alacrity of motion. Keep these organisms ;^d their 
germs out of your milk, and it will never putrefy. Expose 
a mutton-chop to the air and keep it moist ; in summer 
weather it soon stinka Place a drop of the juice of the 
fetid chop under a powerfal microscope; it is seen swarming 
with organisms resembling those in the putrid milk. These 
organisms, which receive the common name of bacteria,! are 
^ agents of all putrefaction. Keep them and their germs 
tom yonr meat, and it -wall remain for ever sweet. Thus we 
begin to see that within the world of life to which we onr- 


+ ^ inclined to regard as nn effect of surface tension. 

speoidc differences are 

gronpea together under this common name. 
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selv^ l)elotig, thei-e is anotlier living world requiring ttie 
microscope for its discernment, but which, nevertheless, has 
the most important beaiing on the welfare of the higher 
life- world. 

And now let us reason together as regards the origin of 
these bacteria. A gi*anulai' powder is placed in your hands, 
and you are asked to state what it is. You examine it, and 
have, or have not, reason to suspect that seeds of some kind 
ai'e mixed up in it But you prepare a bed in your garden, 
sow in it the powder, and soon after find a mixed crop of 
docks and thistles sprouting from your bed. Until this 
powder was sown neither docks nor thistles ever made their 
appearance in your gaixleu. You repeat the expeiiment 
once, twice, ten times, fifty times. Fi'om fifty different beds 
after the sowing of the powder you . obtain the same crop. 
Y^at will be your response to the question proposed to you ] 

I am not in a condition,’* you would say, to affirm that 
every gi'ain of the powder is a dock-seed or a thistle-seed ; 
but I am in a condition to affirm that both dock and thistle 
seeds form, at all events, part of the powder.” Supposing a 
succession of such powdex's to be placed in your hands with 
grains becoming gradually smaller, until they dwindle to the 
size of impalpable dust particles ; assuming that you treat 
them all in the same way, and that from every one of them 
in a few days you obtain a definite crop — it may be clover, 
it may be mustard, it may be mignonette, it may be a plant 
more minute than any of these, the smallness of the particles, 
or of the plants that spring from them, does not affect the 
validity of the conclusion. Without a shadow of misgiving 
you would con dude that the powder must have contained 
the seeds or germs of the life observ^ed. There is not in the 
mnge of physical science an experiment more conclusive nor 
an inference safer than this one. 

Supposing the powder to be light enough to float in the 
aii‘, and that you are enabled to see it there just as plainly 
as you saw the heavier powder in the palm of your hand. 
If the dust sown by the an* instead of by the hand produce 
a definite living crop, with the same logical rigour you would 
conclude that tJie germs of this crop must be mixed with the 
dust. To take an illusbl^tion : the spores of the little plant 

A 2 
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P&rhicillium glaucuTrtj to ^rhicli I liftye already I’eferrecl, 
ligiit enough to float in the au\ A cut api^Ie, a peai’ 
tomato, a slice of vegetable maiTow, or, as already mention 
an old moist boot, a disli of paste, or a pot of jam, constitu 
, a 2 ^roper soil for the Peniciliium. No'w, if it could be pro^ 
that the dust of the air when sown in this soil produces t 
plant, while, wanting the dust, neither the air nor the ac 
nor both together, can produce it, it would be obviously ji 
as certain in this case that the floating dust contains t 
germs of Peniciliium as that the powdeis sown in yo 
garden contained the genus of the plants which sprung frc 
them. 

But how is the floating dust to be rendei’ed visible 1 
this way. Build a little chamber and provide it with 
door, windows, ancl window-shutters. Let an aperture 
made in one of the shutters, through which a sunbeam a 
pass. Close the door and windows so that no light eht 
enter save thi’ough the hole in the shutter. Tlie tmck 
the sunbeam is at flrst perfectly plain and vivid in the a 
of the room. If all disturbance of the air of the chamber 1 
avoided, the luminous track will become fainter and faiiite 
until at last it disappears absolutely, and no trace of tl 
beam is to be seen. What rendered the beam visible i 
fii’st ? The floating dust of the air, which, thus illuminate 
and observed, is as palpable to sense as any dust or powde 
placed on the palm of the haxid. In the still am the dus 
gradually sinks to the floor, or sticks to the walls and ceiling 
until Anally, by this self-cleansing process, the air is entdrel 
freed from mechanically suspendSi matter. 

Thus far, I think, we have made our footing sure. I^e 
us proceed. Chop up a beefsteak and allow it to I'emab 
for two or three horn's just covered with warm water; jo\ 
thus extract the juice of the beef in a concentrated form 
By properly boiling the liquid and Altering it you cai 
obtain from it a peiflectly transparent beef tea. Expose i 
number of vessels containing this tea to the raotelesa air Oj 
your chamber; and expose a number of similar vessels con- 
taining precisely the same liquid to the dust-laden air. In 
three days every one of the latter stinks, and examined with 
the mici'oscope eveay one of them, is found swarming with 
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the bacteria of putrefaction. After three months, or three 
years, the beef-tea within the chamber is found in every 
case as sweet and clear, and as free from bacteria as it was 
at the moment when it was first put in. There is absolutely 
no difference between the air within and that without, save 
that the one is dustless and the other dust-laden. Clinch 
the experiment thus : Open the door of your chamber and 
allow the dust to enter it. In three days afterwards you 
have evexy vessel within the chamber swarming with bac- 
teiia, and in a state of active putrefaction. Here, also, the 
inference is quite as certain as in the case of the powder 
sown in your garden. Multiply your proofs by building 
fifty chambers instead of one, and by employing every 
imaginable infusion of wild animals and tame ; of fiesh, fish, 
fowl, and viscera ; of vegetables of the most various kinds. 
If in all these cases you find the dust infallibly producing 
its crop of bacteria, while neither the dustless air nor the 
nutritive infusion, nor both together, ai-e ever able to produce 
this crop, your conclusion is simply irresistible that the dust 
of the air contains the germs of the crop which has appeared 
in your infusions. I repeat there is no inference of experi- 
mental science more certain than this one. In the presence 
of such facts, to use the words of a paper lately published in 
the Philosophical Transactions,” it would be simply 
monstrous to affiim that these swarming crops of bacteria 
ai'e spontaneously generated. 

Is there, then, no experimental proof of spontaneous 
generation 1 I answer without hesitation, none / But to 
doubt the expeiimental proof of a fact, and to deny its 
possibility, are two different things, though some writers, 
confuse matters by making them synonymous. In fact, this 
doctrine of spontaneous generation, in one form or another, 
falls in with the theoretic beliefs of some of the foremost 
workers of this age ; but it is exactly these men who have 
the penetration to see, and the honesty to expose, the weak- 
ness of the evidence adduced in its support. 

And here observe how these discoveries tally with the 
common practices of life. Heat kills the bacteria, cold 
numbs them. When my housekeeper has pheasants in 



20 


cliaxge -wliicli slie wislies to keep S'w^eet, but which threatei 
to give way, she partially cooks the birds, kills the infani 
bacteria, and thus postpones the evil day. By )x>iling h^i 
milk she also extends its period of sweetness. Some weeks 
ago in the Alps I made a few experiments on the influence 
of cold upon ants. Though the sun was strong, patches o1 
snow still maintained themselves on the mountain slopes. 
The ants were found in the wtmm grass and on the waiin 
rocks adjacent, Tiansfen-ed to the snow, the rapidity oi 
their paiAlysis was surprising. In a few seconds a vigoroiig 
ant, ^ter a few languid struggles, would wholly lose ite 
power of locomotion, and lie practically dead iipon the snow. 
Ti'ansferred to the warm rock, it would I'evive, to be again 
smitten with death-like niunbness when retranSfeii'ed to the 
snow. What is true of the ant is specially time of our bac- 
teria. Theii' active life is suspended by cold, and with it their 
power of producing or continuing putrefaction. This is the 
whole philosophy of the pi'eservation of meat by cold. Tiie 
fishmonger, for example, when he surrounds his very assail- 
able wares by lumps of ice, stays the pi'ocess of putrefaction 
by reducing to numbness and inaction the organisms which 
produce it, and in the absence of which his fish would remain 
sweet and sound. It is the astonishing activity into which 
these bacteria are pushed by wai'mth that renders a single 
summer’s day sometimes so disastrous to the gimt butchei's 
of London and Glasgow. The bodies of guides lost in the 
crevasses of Alpine glaciers have come to the sui'faoe forty 
years after their interment, without the flesh showing any 
si^ of putrefaction. But the most .astonishing ctise of this 
kind is that of the hairy elephant of Siberia which was found 
encased in ice. It had been buried for ages, but when laid 
bare its flesh was sweet, and for some time affoixled copious 
nutriment to the wild beasts which fed upon it. 

Beer is assailable by all tbe organisms here I'eferred to, 
some of which produce acetic, some lactic, and some butyric 
acid, while yeast is open to attack from the bacteria of 
putrefaction. In relation to the particiilar beveiage the 
brewer wishes to produce, these foreign ferments have been 
properly called of disease^ ] cells of the true 
leaven are globules, usually somewl^**^ The other 
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organisms are more or less rod-like or eel-like in shape, some 
of them being beaded so as to resemble necklaces. Each of 
these organisms produces a feimientation and a flavour 
peculiar to itself. Keep them out of yoxir beer, and ir 
I'emains for ever unaltered. Never without them will your 
beer contract disease. But their germs are in the air, iu 
the vessels employed in the brewery ; even in the yeast used 
to impregnate the wort. Consciously or unconsciously, the 
ai*t of the brewer is directed against them. His aim is to 
paralyse if he cannot annihilate tJiem. 

For beer, moreover, the question of tempei'ature is one of 
supreme importtince ; indeed the recognised influence of 
temperature is causing on the continent of Europe a com- 
plete revolution in the maniifactm'e of beer. When I was 
a student in Berlin, in 1851, there were certain places 
specially devoted to the sale of Bavarian beer, which was 
then making its way into public favour. This beer is pre- 
pared by what is called the process of Zoa? fernwritaticyyi ; 
the name being given partly because the yejist of the beer, 
instead of rising to the top and issuing through the bunghole, 
falls to the bottom of the cask ; but ]>artly, also, because it 
is produced at a low tempei'ature. The other and older 
process, called high fennentation, is far more handy, expedi- 
tious, and cheap. In high fermentation eight days suffice 
for the production of the beer ; in low fermentation, ten, 
fifteen, even twenty days are found necessary. Yast quanti- 
ties of ice, moreover, are consumed in the process of low 
fermentation. In the single breweiy of Dreher, of Yienna, 
a hundi'ed million pounds of ice are consumed annually in 
cooling the woii} and beer. Notwithstanding these obvious 
and weighty drawbacks, the low fermentation is rapidly 
displacing the high upon the Continent. Here are some 
statistics which show the number of breweries of both kinds 
existing in Bohemia in 1860, 1865, and 1870 : 

1800. 1805. 1870. 

Hisch TenTieiitation . . 281 8 18 

Low Fermentutiou . . 186 459 881 

Thus in ten years the number of high -fermentation 
breweries fell from 281 to 18, while the number of low- 
fermentation breweries rose from 135 to 831. The sole 
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reason for tHs vast cliange — a change wMcti involves a 
greater exi^enditure of time, labour, and money — is the 
additional command which it gives the brewer over the 
fortiiitous ferments of disease. These ferments, which, 
it is to be remembered, are living organisms, have their 
activity suspended by tempemtures below 10° C., and as 
long as they are I'educed to torpor the beer remains un- 
tainted either by acidity or putrefaction. The beer of low 
fermentation is brewed in winter, and kept in cool cellars ; 
the brewer being thus enabled to dispose of it at his leisure, 
instead of forcing its consumption to avoid the loss involved 
in its alteration if kept too long. Hops, it may be remarked, 
act to some extent as an antiseptic to beer. The essential 
oil of the hop is bactericidal : hence the strong impregnation 
with hop juice of all beer intended for expoi-tation. 

These low organisms, which one might be disposed to re- 
gard as the beginnings of life, were we not warned that the 
microscope, precious and perfect as it is, has no power to 
show us the real beginnings of life, are by no means purely 
useless or purely mischievous in the economy of natime. 
They are only noxious when out of their proper place. 
They exercise a useful and valuable function as the burners 
and consumers of dead matter, animal and vegetable, re- 
ducing such matter, with a rajoidity otherwise imattainable, 
to innocent carbonic acid and water. Fuiihermore, they are 
not aU alike, and it is only restricted classes of them that 
ai’e really dangerous to man. One difference in their habits 
is woi^hy of special reference here. Air, or rather the 
oxygen of the ed^j which is absolutely necessary to the sup- 
port of the ba<?fcena of putrefaction, is absolutely deadly to 
the vibrios Which provoke the butyric acid fennentatioiL 
This is simply illustrated by the following beautiful 
observation of Pasteur. You know the way of looking at 
these sihall organisms though the microscope. A drop of 
the liquid containing them is placed upon glass, and on the 
di’op is placed a circle of exceedingly thin glass ; for, to 
magnify them sufficiently, it is necessary that the micro- 
scope should come very close to the organisms. Bound the 
edge of the circular plate of glass the liquid is in contact 
with the air, and incessantly absorbs it, including the oxy- 
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gen. Here, if tlie drop be charged with bacteria, we have a 
zone of very lively onea But through this living zone, 
gr*eedy of oxygen and appropriating it, the vivifying gas 
cannot penetrate to the centre of the film. In the middle, 
therefore, the bacteria die, while their peripheral colleagues 
continue active. If a bubble of air chance to be enclosed in 
the film, round it the bacteria will pirouette and wabble 
until its oxygen has been absorbed, after which all their 
motions. cease. Precisely the reverse of all this occurs with 
the vibrios of butyric acid In their case it is the peri- 
pheral organisms that are first killed, the central ones re- 
mauiing vigorous while ringed by a zone of dead. Pasteur, 
moreover, filled two vessels with a liquid containing these 
vibrios ; through one vessel he led air, and killed its vibrios 
in half-an-hour ; through the other he led carbonic acid, and 
after thi'ee hours found the vibrios fully active. It was 
while obseiwing these differences of deportment fifteen years 
ago that the thought of life without air, and its bearing upon, 
the theory of fermentation, flashed upon the mmd of this 
admirable investigator. 

And here I am tempted to inquire how it is that during 
the last five or six yearn so many of the cultivated English 
and American public, including members of the medical 
profession and contiibutoi*s to some of our most intellectual 
journals, could be so turned aside as they have been from 
the pure well-spring of scientific truth to be found in the 
writings of Pasteur*? The reason I take to be, that while 
against unsound logic a healthy mind can always defend 
iteelf, against unsound exiDemnent, without discipline it is 
defenceless. To judge of the soundness of scientific data, 
and to imaon from data assumed to be sound, are two 
totally different things. The one deals with the raw material 
of fact, the other with the logical textures woven from that 
material Now the logical loom may go accurately through 
all its motions, while the woven fibres may be all rotten. It 
is this inability, through lack of education in experiment, to 
judge of the Soundness of experimental work, which lies at 
the root of the defection from Pasteur. 

I will cite an example of this mistake of judgment. 
Between the large-type articles and the reviews of the 
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Saturday Beview essays on varioxis subjects are interpolated. 
In the calm of holichiy evenings, while reading these brief 
essays, I have been many a time impressed, not only wi^h 
theii' sparkling cleverness, but with their deep-searching 
wisdom and their wealth of spiritual experience. In this 
central region of the Review the question of spontaneous 
geneiution has been taken up and discussed. Tbe writer is 
not a whit behind his colleagues in literary brilliancy and 
logical force. But having no touchstone in his own expe- 
rience to enable him to distinguish a good experiment from 
a bad one, he has, on a point of tbe gi'avest practical import, 
committed the influence of the powei’ful journal in which he 
writes to the support of error. It is only, I would repeat, 
by practice among facta that the intellect is prepared to 
judge of facte, and no mere logical acuteness or literary skill 
can atone for the want of this necessai-y education. 

We rrow approach an aspect of this question which con- 
ceniB us still more closely, and which will be best illustrated 
by an actual fact. A few years ago I was bathing in an 
Alpine stream, and returning to my clothes from the cascade 
which had been my shower-bath, I slipped upon a block of 
giunite, the sharp crystals of which stamped themselves into 
my naked shin. The wound was an awkward one, but 
being in vigorous health at the time, I hoped for a speedy 
recovery. Dipping a clean pocket handkerchief into the 
stream, I wrapped it lound the wound, limped home, and 
remained for four or five days quietly in bed. There was 
no pain, and at the end of this time I thought myself quite 
fit to quit my room. The tvound, when uncovered, was 
found pei-fectly cleaii, uninflamed, and entirely free from 
matter. Placing over it a bit of goldbeater’s skin, I walked 
about all day. Towai'ds evening itching and heat were felt; 
a large accumulation of matter followed, and I was forced to 
go to bed again. The water-bandage was restored, but it 
was powerless to check the action now set up ; arnica was 
applied, but it made matters worse. The inflammation in- 
creased alarmingly, until finally I was ignobly carried on 
men’s shoulders down the mountain and ti'ansported to 
Geneva, where, thanks to the kindness of fiiends, I was 
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immediately placed in tlie best medical bands. Oi 
morning after my arrival in Geneva, Dr Gautier disco’ 
an abscess in my instep, at a distance of five inches 
tbe 'wound. The two -were connected by a channel, or s 
as it is technically called, through which he was ah 
empty the abscess, without the application of the lanca 
By what agency was that channel formed — ^^vhat w 
that thus tore asunder the sound tissue of my instep, 
kept me for six weeks a prisoner in bed 1 In the very ] 
where the water^iressing had been removed from my w( 
and the goldbeater^s skin applied to it, I opened this ji 
n-umber of tubes, containing perfectly clear and swee’ 
fusions of fish, fiesh, and vegetable. These hermetic 
sealed infusions had been exposed for weeks, both to 
sim of the Alps and to the warmth of a kitchen, -wit] 
showing the slightest turbidity or sign of life. But 
days after -they were opened the gi'eater niunber of t 
swarmed with the bacteria of putrefaction, the germs of w! 
had been contracted from the dust-laden air of the rc 
And had the matter from my abscess been examined, 
memory of its appearance leads me '-to infer that it w( 
have been foimd equally swarming -with these bacteri 
that it was their germs which got into my incautiously-ope 
wound, and that they were the subtle workers that 1 
rowed down my shin, dug the abscess in my instep, 
produced effects which might well have proved fatal to n 
We here come face to face 'wi'fch the labours of a man 
has established for himself an imperishable reputation 
relation to this subject, who combines the peneti’ation of 
true theorist with the Rkill and conscientdousness of the t 
experimenter, and whose practice is one continued dem 
stration of the theory that the putrefaction of wounds if 
be averted by the destruction of the germs of bacteria. 1 
only from his own reports of his cases, hut from the repc 
of eminent men who have visited his hospital, and from i 
opinions expressed to me by Continental surgeons, do 
gather that one of the greatest steps ever made in the aii 
surgery was the introduction of the antiseptic system 
treatment, practised, first in Glasgow, and now in Ed 
burgh, by ^ofessor Lister. 
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The interest of tliis subject does not slacken as we 
proceed. We began witk the cheny^cask and beer-vat; 
we end with the body of man. There are persons bcftn 
•with the power of intei'preting natural faets, as there are 
others smitten with everlasting incompetence in regard to 
such interpretatioiL To the former class in an eminent 
degree belonged the celebrated philosopher Robert Boyle, 
whose words in relation to this subject have in "them the 
forecast of prophecy. And let me add,” writes Boyle in 
his Essay on the Pathological Part of Physik,” that he 
that thoi'oughly understands the nature of ferments and fer- 
mentations sh^ probably be much better able than he that 
ignores them, to give a fair account of divers phenomena of 
several diseases (as well fevers as others) which will perhaps 
be never properly understood without an insight into the 
doctrine of fermentations,” 

Two hundred years have passed since these pregnant 
words were written, and it is only in this our day that men 
are beginning to fully realise their truth. In the domain of 
.surgery the justice of Boyle’s surmise has been most strictly 
demonstrated. Demonstration is indeed the only word 
which fitly characterises the evidence brought forward by 
Professor Lister. You will grasp in a moment his leading 
idea. Take the extracted juice of beef or mutton, so pre- 
pared as to be perfectly transpaimt, and entirely free from the 
living germs of bacteria. Into the clear liquid let fall the 
tiniest drop of an infusion charged with the bacteria of 
putrefaction. Twenty-four hours subsequently the clear 
extract will be found muddy thi'oughout, the turbidity being 
due to Bwanna of bacteria generated by the drop with wliich 
the infusion was inoculated. At the same time the infusion 
will have passed from a state of sweetness to a state of 
putridity. Let a drop similar to that which has produced 
this effect fall into on open wound : the juices of Ihe living 
body nourisb the bacteria as the beef or mutton juice 
nourished them, and you have putrefaction produced within 
• the system. The air, as I have said, is laden with floating 
matter which, when it falls upon the wound, acts substan- 
'tially like the drop, Px-ofessor Lister’s aim is to destroy the 
life of that fioating matter — to kill such gera^ as it may 
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contain. Had he, for example, 'dressed my wound, instead 
of*openiQg it incautiously in the ipidst of air laden with the 
germs of bacteria, and instead of applying to it goldbeater’s 
skin, which probably carried these germs upon its surface, 
he would haye showered upon the wound, during the time I 

of dressing, the spi'ay of some liquid capable of killing the | 

germs. The liquid usually employed for this purpose is t 
dilute carbolic acid, which, in Ms skilled hands, has become 
a specific against putrefaction and all its deadly consequencea 
We now pass the bounds of surgery proper, and enter the 
lomain of epidemic disease, including those levers so saga- 
siously referred to by Boyle. The most stidMng analogy 
between a contagivm and a ferment is to be found in ihe 
jower of indefinite self-multiplication possessed and exer- 
cised by both. You know the exquisitely truthful figures 
regarding leaven employed in the New Testament. A par- 
ide hid in three measures of meal leavens it all. A little 
eaven leaveneth the whole lump. In a similar manner a 
)artiole of contagium spreads through the human body and 
aay be so multiplied as to strike down whole populations. 

Consider the effect produced upon the system by a mici^o- 
copio quantity of the virus of smallpox. That virus is to 
11 intents and purposes a seed. It is sown as yeast is 
own, it grows and multiplies as yeast grows and multiplies, 
nd it always reproduces itself. To Pasteur we are indebted 
)r a series of masterly researches, wherein he exposes the 
)oseness and general baselessness of prevalent notions re* 
arding the transmutation of one ferment into another^ He 
Liards himself against saying it is impossible. The true 
Lvestigator is sparing in the use of this word, though the 
3e of it is unsparingly ascribed to him ; but, as a matter of 
ct, Pasteur has never been able to effect the alleged trana- 
utation, while he has been always able to point out the ' j’ 
)en doorways through which the affirmers' of such trans- } 
utations had allowed error to march in upon them.’*^ 

* Those wlio wish for an illustration of the care necessary in these 1 

learches, and of the carelessness with which they have in some cases f 

m conducted, will do well to consult the Bev. W. H. Ballinger's [ 

cellent “Notes on Heterogenesis” in the October number of the 5 

mla/r Scieiice Jtmew, ■ [ 
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The great source of error here has been ahTeady alluded to 
in this discoui-se. The observers worked in an atmosphere 
charged with the germs of different organisms; the mere 
accident of first possession rendeiing now one organism, now 
another, triumphant. In different stages, moreover, of its 
fermentative or putrefactive changes, the same infusion may 
so alter aa to be successively taken possession of by different 
organisms. Such cases have been adduced to show that the 
eai'lier organisms must have been transformed into the later 
ones, whereas they are simply cases in which different germs, 
because of changes in the infusion, render themselves valid 
at different times. 

By teaching us how to cultivate each ferment in its puiity, 
— in other words, by teaching us how to rear the individual 
organism apart from all others — PosteuT' has enabled us to 
avoid all these errors. And where this isolation of a pai’- 
ticular organism has been duly effected it grows and mul- 
tiplies indefinitely, but no change of it into another organism 
is ever observed In Pasteur’s reseaiches the Bacterium re- 
mained a Bacterium, the Yibrio a Vibrio, the Penicillium a 
Penicdlium, and the Torula a Torula, Sow any of these in 
a state of pmity in on appropriate liqtdd ; you get it, and it 
alone, in the subsequent crop. In like manner, sow small- 
pox in the human body, your crop is smallpox. Sow there 
scarlatina, and your crop is scarlatina. Sow typhoid virus, 
your crop is typhoid — cholera, your crop is cholera. The 
disease bears as constant a relation to its contagium as the 
inicix)scopic organisms just enumerated do to their germs, 
or indeed as a thistle does to its seed. No wonder, then, 
with analogies so obvious and so striking, that the con- 
viction is spreading and growing daily in strength that 
reproductive parasitic life is at the root of epidemic disease 
' — that living ferments finding lodgment in the body in- 
crease there and multiply, directly ruining the tissue on 
which they subsist, or destroying life indirectly by the 
— generation of poisonous compounds within the body. This 
conclusion, which comes to us with a presiunption almost 
amounting to demonfitiation, is clinch^ by fact that 
virulently infective diseases have been discovered with 
which living organisms are as closely and as indissolably 
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associated as the growth of Torula is with the fementafcion 
)f boor* 

And here, if you will permit me, I would Titter a word of 
yarning to well-meaning people, "We have now reached a 
)has6 of this question when it is of the very last importance 
hat light should once for all be thrown upon the manner in 
rhich contagious and infectious diseases take root and spread, 
'o this end the action of various ferments upon the organs 
nd tissues of the living body must, be studied j the habitat 
f each special organism concerned in the production of each 
pecific disease must be deteimined, and the mode by which 
B germs are spread abroad as sources of further infection, 
b is only by such rigidly accurate inquiiies tliat we can 
btain hnal and complete mastery over these destroyers. 
Cence, while abhoiuing cruelty of all kinds, while shidnldng 
mpathetically from all animal sufieidng — suflering which 
y own pursuits never call upon me to inflict, an unbiassed 
iiwey of the field of research now opening out before the 
ly Biologist causes me to conclude, that no greater calamity 
uld befall the liuman I’ace than the stoppage of experi- 
ental inquiiy in this direction. A lady whose philan- 
ropy has rendered her illustrious said to me some time ago, 
at science was becoming immoral ; that the researches of 

0 past, unlike those of the present, were carried on with- 
t cruelty. I replied to her that the science of Kepler and 
5wton, to which she referred, dealt with the laws and 
enomena of inoi'ganic nature ; but that one great advance 
xie by modem science was in the direction of biology, or 
) science of life ; and that in this new direction scientific 
[uiiy, though at the outset pursued at the cost of some 
iporary sufiering, would in the end prove a thousand 
les more beneficent tlian it had ever hitherto been. I 

1 this because I saw that the very researches which the 
y deprecated were leading ua to such a knowledge of 
iemic diseases, as will enable us finally to sweep these 
irges of the human race from the face of this fair earth. 
Ibis is a point of such special importance that I should 
I to bring it home to your intelligence by a single trust- 
thy illustration. In 1850 two distinguished Krench 



80 


obeervera, MM.' Davainne and Kayer, noticed in the blood 
of animals which had died of the virulent disease (;aUed 
splenic fever ^ small microscopic organisms resembling trans- 
parent ix)d8, but neither of them at that time attached any 
significance to the observation. In 1861 Paateni' published 
a memoir on the fermentation of butyric acid, wherein ho 
described the organism which provoked it; and after reading 
this memoir it occurred to Davainne that splenic fever might 
be a case of fermentation set up within the animal body, by 
the organisms which had been observed by him and Payer. 
This idea has been placed beyond all doubt by subsequent 
research. 

Some years in advance of the labours undertaken by 
Davainne, obseiwations of the highest importance had been 
made on splenic fever by Pollender and BraueU. Two years 
ago, Dr Burdon Sanderson gave ixs a very clear account of 
what was known up to that time of this disorder. With 
regard to the permanence of the contagium, it had been 
proved to hang for years about localities where it had once 
prevailed ; and this seemed to show that the rod-like 
organisms could not constitute the contagium, because their 
infective power was found to vanish in a few weeks. But 
other facte established an intimate connection between the 
organisms and the disease, so that a review of all the facte 
caused Dr Sanderson to conclude that the contagium existed 
in two distinct forms ; the one “ fugitive ” and visible as 
transparent tods ; the other permanent but “ latent,” and 
not yet brought within the grasp of the microscope. 

At the time that Dr Sandei'son was writing this repoiii, a 
young' German physician, named Koch, occupied with the 
duties of his profession in an obscure country district, was 
already at work, applying, during his spare time, vaiious 
original and ingenious devices to the investigation of splenic 
fever. He studied the habits of the rod-like organisms, and 
found the aqueous humour of an ox’s eye to be particularly 
'Suitable for their nutrition. With a drop of the aqueous 
humour he mixed the tiniest speck of a liquid containing 
■ the rods, placed the drop under his microscope, warmed it 
suitably, and observed the subsequent action. During the 
I first two hours hardly any change was noticeable; but at the 
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end of tLis tim^ the rods began to lengthen, and the action 
^as so rapid that at the end of three or four hours they 
attamed from ten to twenty times their original length. At 
the end of a few additional hours they had fonned filaments 
in many cases a hundred times the length of the original 
rods. The same filament, in fact, was frequently observed 
to stretch through several fields of the microscope. Some- 
times they lay in stra-ight lines parallel to each other, in 
other cases they were bent, twisted, and coiled into the most 
gi'acefol figm'es ; while sometimes they formed knots of such 
bewildering complexity that it was impossible for the eye to 
trace the individual filaments through the confusion. 

Hod the observation ended here an interesting scientific 
fact would have been added to onr previous store, but the 
addition would have been of little pi'actical value. Koch, 
however, continued to watch the filaments, and after a time 
noticed little dots appearing within them. These dots 
became more and more distinct, until finally the whole 
length of the organism was studded with minute ovoid 
bodies, which lay within the outer integument like peas 
within their shell. By-and-by the integument fell to pieces, 
the place of the organism being taken by a long row of seeds 
or spores. These observations, which were confirmed in all 
respects by the celebrated naturalist, Cohn of Breslau, are 
of the highest importance. They clear up the existing per- 
plexity regarding the latent and visible contagia of splenic 
fever ; for in the most conclusive manner, Koch proved the 
spores, 08 distinguished from the rods, to constitute the cen- 
trum of the fever in its most deadly and persistent form. 

How did he reach this important result! Mark the 
answer. ■ There was but one way open to him to test the 
activity of the contagium, and that was the inoculation with 
it of living animals. He operated upon guinea-pigs and 
rabbits, but the vast majority of his experiments were made 
upon mice. Inoculating them with the fresh blood of an 
animal sufiering from splenic fever, they invariably died of 
the same disease within twenty or thirty hours after inocula- 
tion. He then sought to determine how the contagium 
maintained its vitality. Drying the infectious blood con- 
taining the rod-like organisms, in which, however, the spores 
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■were uot developed, lie found the contagium to be that wMcl 
Dr Sanderson calls fugitive.” It maintained its power o 
infection for five weeks at the furthest. He then Sriec 
blood containing the fully-developed spores, and exposed thi 
substance to a variety of conditions. He permitted th' 
dried blood to assume the form of dust ; wetted this dust 
allowed it to dry again, permitted it to I'emain for an in 
definite time in the midst of putrefying matter, and subjected 
it to various other tests, -^ter keeping the spore-charge' 
blood which had been treated in this fashion for four years 
he inoculated a number of mice with it, and found its actio; 
as fatal as that of blood fresh from the veins of an anims 
suffering from splenic fever. There was no single escap 
from death after inoculation by this deadly contagium. Ui 
counted millions of these spores are developed in the body c 
every animal which has died of splenic fever, and ever 
spore of these millions is competent to produce the disease 
The name of this formidable parasite is BcbciUm anHiracia.^ 
How the very first step towards the extirpation of the{ 
contagia is the knowledge of their nature ] and the kno^ 
ledge brought to us by Dr Hoch will render as certain tl 
stamping out of splenic fever as the stoppage of the plagi 
of p4brine by tiie researches of Pasteur. One small item < 
statistics will show what this implies. In the single distri. 
of Hovgorod in Pussia, between the years 1867 and 187 
over fifty-six thousand cases of death by splenic fever, amoi 
horses, cows, and sheep, were recorded But its ravages d 
not confine themselves to the animal world, for during tl 
time, and in the district referred to, five hundred ai 
twenty-eight human beings perished in the agonies of tl 
same disease. 

To produce its obaracteristic effects tbo contagium of splenic fe^ 
must enter the blood. The virulently infective spleen of a diseaa 
aaimal may be eaten with impunity by mice. On the other hand, t 
disease refuses to be communicated by inoculation to dogs, partridg 
or sparrows. In their blood PctciWiw arUhrctcis ceases to act as a f 
ment.^ Pasteur announced more than six years ago the propagation 
the vitrios of the silkworm disease called flachcrU, both by sciasi 
and by spores. He also made some remarkable experiments on t 
permanence of the conta^um in the form of spores. See ** Etudes i 
la Moladie des Yers i Soie,” pp. 168 and 256. 
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A desoiiption of the fever will help yon to come to a right 
decision on the point whioh I wish to submit to your con- 
sidemtion. ‘‘Am animal, says Dr Burdon Sanderson, 
“ whioh perhaps for the previous day has declined food and 
shown signs of general disturbance,, begins to shudder and 
to have twitches of the muscles of tke back, and soon after 
becomes weak; and listless. In the meantime the respiration 
becomes frequent and often difficult, and the temperature 
lises to three or four degrees above the normal ; but soon 
convulsions, affecting chiefly the muscles of the back and 
loins, usher in the final collapse, of which the progress is 
marked by complete loss of power of moving the trunk or 
extremities, diminution of temperature, mucous and sangui- 
nolent alvine evacuations, and similar discharges from the 
mouth and nose.’’ In a single district of Russia, as above 
remarked, fifty-six thousand horses, cows, and sheep, and 
five hundred and twenty-eight men and women, perished in 
this way during a period of two or three years. What the 
annual fatality is throughout Europe I have no means of 
knowing. Doubtless it must be very great. The question, 
then, whioh I wish to submit to your judgment is this : Is 
the knowled^ which reveals to us the nature, and which 
assures the extirpation, of a disorder so virulent and so vile, 
worth the price paid for it 1 It is exceedingly important 
that assemblies like the present should see clearly the issues 
at stake in suoh questions as this, and that the properly- 
informed common sense of the community should temper, if 
not restraiu, the rashness of those who, meaning to he tender, 
would virtually enact the most hideoiis cruelty by the im- 
position of iffiort-sighted restrictions upon physiological 
investigation. It is a modem instance of zeal for Gk>d, but 
not according to knowledge, the excesses of which zeal an 
instructed pubho opinion must correct. 

And now let us oast a backward glance on the field we 
have traversed, and try to extract from our labours such 
further profit as they can yield. For more than two thou- 
sand years the attraction of light bodies by amber was the 
sum of human knowledge regarding electricity, and for more 
than two thousand years fermentation was ^ected without 
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any knowledge of ite canea In science one discovery gro^v 
out of anotlier, and cannot appear without its proper anh 
cedent. Thus, before fermentation could be understood^ tb 
microscope had to be invented and brought to a considerabl 
degree of perfection. Note the growth of knowledg 
Iteeuwenhoek, in 1680, found yeast to be a mass of floatin 
globules, but he had no notion that the globules were alivi 
This was proved in 1835 by Cagniard de la Tour and Schwam 
Then came the question aa to the origin of such microscop: 
organisms, and in this connection the memoir of Pasteu 
published in the Annales de Chimie” for 1862, is epoc! 
making, proving as it did to all competent minds spontaneoi 
generation to be thus far a chimera On that investigatic 
all Pastem'*s subsequent labours were based. Ravages hi 
over over again occun^ed among French wines. The 
was no guarantee that they would not become acid or bitt^ 
particularly when exported. The commerce in wines w 
thus restricted, and disastrous losses were often inflicted < 
the wine-grower. Every one of these diseases was traced 
the life of an organism. Pasteur ascertained the temperatu 
which killed these ferments of disease, proving it to be 
low as to be perfectly harmless to the wina By the simj 
expedient of heating the wine to a temperature of fifty degre 
centigrade, he rendered it inalterable, and thus saved 1 
country the loss of millions. He then went on to vinegar 
mn aigre^ acid wine — which he proved to be produced b] 
fermentation set up by a little fungus called Mycodefnna cuci 
Torvla^ in fact, converts the grape juice into alcohol, a 
Mycod^ma aceti converts the alcohol into vinegar. H* 
also frequent failures occurred and severe losses were s 
tained. Through the operation of unknown causes, i 
vinegar often became unfit for use, sometimes indeed fall: 
into utter putridity. It had been long known that m 
exposure to the air was sufficient to destroy it. Past 
studied all these changes, tr^d them to their Kving cauf 
and showed that the permanent health of the vinegar. 
ensured by the destruction of this life. He passed from 
diseases of vinegar to the study of a malady which a do 
years ago had all but ruined tte silk husbandry of Frai 
This plague, which received the name of was 
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product of a pai^asite vHcli first took possession of tke 
intestinal canal of the silkworm, spread throughout its body, 
and filled the sack which ought to contain the viscid matter 
of thS silk. Thus smitten, the worm would go automatically 
through the process of spinning when it had nothing to spin. 
Pasteur followed this parasitic destroyer from year to yeai', 
and, led by his singular power of combining facta with the 
logic of facts, discovered eventually the pi'ecise phase in the 
development of the insect when the disease which assailed it 
could with certainty be stamped out. Pasteur’s devotion to 
this inquiry cost him dear. He restored to Prance her silk 
husbandry, rescued thousands of her population from ruin, 
set the looms of Italy also to work, but emerged from his 
labours with one of his sides permanently paralysed. His 
last investigation is embodied in a work entitled “ Studies 
on Beer,” in which he describes a method of rendering beer 
permanently unchangeable. That method is not so simple 
as those found effectual with wine and vinegar, hut the 
principles which it involves are sure to receive extensive 
application at some future day. Taking into account all 
these labours of Pasteur, iti is no exaggeration to state that 
the money value of his work would go far to cover the. 
indemnity which Prance had to pay to Germany. 

There are other I'eflecfcions connected with this subject 
which, even were I to pass them over without remark, 
would sooner or later occizr to eveiy thoughtful mind in 
this assembly. I have spoken of the floating dust of the 
air, of the means of rendering it visible, and of the perfect 
immunity from putrefaction which accompanies the contact 
of germless matter and moteleas air. Consider the woes 
which these wafted particles, during historic and pre-historio 
ages, have ioff ioted on mankind ; consider the loss of life in 
hospitals from putrefying wounds ; consider the loss of life 
in ^aces whei'e there are plenty of wounds but no hospitals, 
and in the ages before hospitals were anywhere founded; 
consider the daughter which has hitherto followed that of 
the battle-field, when those bacterial destroyers are let loose, 
often producing a moi^tality far greater than that of the 
battle itself ; add to this the other conception that in times 
of epidemic disease the self-same ffoatmg matter has fi’e- 



36 


quently, if ' not always, mingled with it the special gem 
which produce the epidemic, being thus enabled to so 
pestilence and death oyer nations and continents — consid* 
all this, and you wUl come with me to the conclusion* th 
all the havoc of war, ten times multiplied, would be eva 
escent if compared with the ravages due to atmosphex 
dust. 

This preventible destruction is going bn to-day, and it h 
been permitted to go on for ages, without a whisper of i 
formation regarding its cause being vouchsafed to the ai 
fering sentient world. We have been scourged by invisil 
thongs, attacked from impenetrable ambuscades, and it 
only to-day that the light of science is being let in upon t’ 
murderous dominion of our foes. Men of G-lasgow, fa( 
like these excite in me the thought that the rule and ^ 
vemance of the universe are different from what we in o 
youth supposed them to be — that the inscrutable Power, 
once terrible and beneficent, in whom we live and move a 
have our being and our end, is to be propitiated by mea 
different from those usually resorted to. The first requis 
towards such propitiation is knowledge; the second is cbctu 
shaped and illuminated by that knowledge. Of knowled 
we already see the dawn, which wiU open out by-and-by 
perfect day, while the action which is to follow has its \ 
failing source and stimulus in the moral and emotioi 
nature of man — in his desire for personal well-being, in ] 
sense of duty, in his compassionate sympathy with the s 
ferings of his fellow-meiL “ How often,” says Dr Willh 
Pudd in his celebrated work on Typhoid Fever, — ‘‘h 
often have I seen in past days, in the single narrow cha 
ber of the day-labourer’s cottage, the father in the coffin, i 
mother in the sick-bed in muttering delirium, and nothi 
to relieve the desolation of the children but the devotion 
some poor neighbour, who in too many cases paid the pena 
of her kindness in becoming herself the victim of the sa 
disorder.” From the vantage-ground already won I Ic 
forward with confident hope to the triumph of medical 
over scenes of misery like that here described. The cai 
of die calamity being once clearly revealed, not only to 1 
physician, but to the public, whose intelligent co-operat 
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is absolutely essential to suooess, tbe final vioiorj^ of liuman- 
ity is only a question of time. We have already a foretaste 
of that victory in the triumphs of surgery as practised at 
yOTjr doors. 

And here, ladies and gentlemen, my words ought to cease. 
I have endeavoured to unfold in your presence discoveries 
and doctrines which have a special bearing on the life of 
great cities such as this, and which have a still wider 
hearing on the welfare of the human race. I regal'd it as a 
high privilege to have had the opportunity of meeting you 
here. I thank you for the courtesy you have extended to 
me. I wish prospeiity to your association, long life to its 
president, and to each and all of you I bid a friendly 
farewelL 
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THE ANIIQUITJ OF THE CAVE MEN. 


If I may flatter myself that there are now present in this 
hall at least a tolerable number of persons who liaye a re- 
collection of the lecture which I delivered here in December 
1876, I may safely also assume that there are likewise pre- 
sent several questions suggested by that lecture; and that 
amongst these questions this is probably one of the most 
prominent — ^When did these Devonshh'e Cave* Men live? 
In other words, what is the antiquity of man in Britain? 
This is the subject on which I am to have the pleasure of 
addressing you this evening. , I may tell you at once, how- 
ever, that I can make no attempt, for I should be an im- 
postor if I did so, to say what is the numerical value of the 
time separating us from the old cave men of whom I spoke 
in my last lecture. We cannot at present reduce geological 
to astronomical time, and we never may be able to do so. 
We cannot say what is the value in yeai's of a deposit 
a foot thick, or any other thickness; but, if we look at 
the question properly, we shall find a feeling of time tak- 
ing possession of the mind, and we may go away with a 
correct impression, though a vague one, that our fathers 
vastly undervalued the antiquity of man. Professor Prest- 
wich expressed in very excellent teims the idea which pos- 
sesses my mind, in a paper read to the Eoyal Society on this 
very question on 19th June 1862. His words were: Just 
as”, though ignorant of the precise height and size of a moun- 
tain range seen in the distance, we need not wait for trigono- 
metrical* measurement to feel satisfied in our minds of the 
magnitude of the distant peaks; so with this geological epoch, 
we see and know enough of it to feel how distant it is from 
our time, and yet we are not in a position at present to solve 
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with accuracy the curious and interesting prohlem of its 
precise age.” Such was the language of Professor Prestwich, 
and, I believe, it is the language we must still employ; but 
since these words were written, we have discovered tra^Jes of 
earlier men still than were at that time contemplated. 

There are at least five lines of inquuy, five classes of evi- 
dence, on the question before us. These are (1) the geological — 
the deposits we have to deal with; (2) the biological — the ani- 
mals with whose remabis we have met; (3) the arclicBological 
— the human industrial remains we find in the deposits; 
(4) the geographical evidence, which is twofold, viz., 
changes in the geogi’aphy of the district suiTounding, say, 
Kent’s Hole, for my lecture will be mainly on that famoits 
cavern, and (6) changes in the relation of this coxmtry to the 
Continent; and (5) the climatological evidence, that is to say, 
the indications of climate given by the bones of the animals 
we have exhumed. Each one of these five lines of evidence 
would be amply sufficient for a lectiue; but, instead of giving 
a lecture on each of these points, I shall, aided by the follow- 
ing table, go through as many of them as I can on this occa- 
sion. I cannot, however, hope to go beyond the first three, 
and must leave the geographical and climatological evi- 
dence untouched, and open, joerhaps, for some future op- 
portunity. 

You will observe that the table consists of two divisions, 
separated with double veidical lines, and each containing 
three colunms. The fii’st, or left hand division, relates ex- 
clusively to Kent’s Cavern, as is indicated by the words 
heading it. The second, or right hand division, headed 

Periods,” takes us farther a-field, and is of a more general 
character ; and the task before me is mainly to explain the 
two sets of columns, and show their chronological relationa 
The left hand column of the fii^st division gives the deposits 
of the cavern in descending order, viz.. Black Mouldy 
Granular Stalagmite, Black Band, Gave Earth, Crystalline 
Stalagmite, and Breccia, These ai’e the six deposits met 
with in Kent’s Cavern, to say nothing about huge masses of 
limestone, some of them weighing 100 tons and upwards, 
which have fallen from the roof from tune to time. , 

I fancy some one is asking if it be not possible that in at 
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least some o£ these deposits there may he what, for lack of a 
bettor expression, may be called potted anachroniams,” — ■ 
things belonging to different periods, yet lying together. 
Tho geologist knows perfectly that he has to guard agaihst 
oases of that kind. Let me give an illustration: Thera 
is in ISTorth Devon a little Dartmoor river called the 
Lew. ISTear the town of Hatherleigh it meanders through 
a considerable alluvial plain, which it formed in the past. 
It happens that on the plain there are a great many oak 
and other trees growing, some of them 3 feet in dia- 
nietor. It is clear that although the river has from time to 
time wandered everywhere over that plain, it has left un- 
touched the spots which are occupied by the oaks ever since 
tho germination of the acorns from which they sprang Ono 
of those oaks, fully 3 feet in diameter, was situated close to 
the river’s edge, and it happened that the river had so en- 
croached as to undermine that tree. Then came an envious 
storm and threw the tree obliquely across the stream. The river, 
being thus impeded, scooped out a gi’eat bight in the alluvial 
soil, and in doing so disclosed the trunk of an old oak, black 
as ebony, which had been prostrated there countless ages 
ago. Subsequently the luver fell to its ordinary dimensions, 
and the disclosed old oak tree became in its turn an obstacle. 
Tho stream contented itself with flowing between the newly 
fallen oak and the old one, and began to silt np the latter a 
second timo, perhaps a third time; and, whilst thus engaged, 
brought down from the higher country sundry “ odds and 
Glacis ” — a bottle, which my friend and I thought was a port 
wiiiG bottle, part of an old tin kettle, and a variety of other 
articles, which were all deposited^ by the side of the old oak, 
I said to my friend, Some futm^e geologist will perhaps 
como here and find lying together an oak tree, a port wine 
bottle, and a tin kettle. He may think they all belong tc 
tho same age, and perhaps say to his friends, ' How verj 
sti'ange that men, who were so highly civilised as to know 
and appreciate port wino, should have neglected so valuable 
a thing as a large oak tree T We, however, know ^better 
the objects do not all belong to the same period,” Die 
nothing of that kind occiu? in Hent’s Holel With thh 
question before us, lot us tiim to tho cavern deposits. 
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These, if the cave earth and black band be taken as one, 
are five in ntimber, of wliich three — ^the black mould, cave 
ea»th, and breccia — are of mechanical derivation, v^hilst the 
remaining two, the gi’unular and crystalline stalagmites, are 
of chemical origin, having been foirmed by the limestone 
overhead being dissolved by water containing carbonic acid, 
and precipitated molecule by molecule on the successive 
floors of the cavern. 

How, it will be observed that a thick chemical sheet lies 
between each consecutive pair of mechanical beds : thus, the 
granular stalagmite separates the black mould above it from 
the cave earth below it, and, in like manner, the crystalline 
stalagmite divides the cave earth from the breccia. In other 
words, the breccia had been deposited and hermetically sealed 
and secured before the introduction of the cave eai’th com- 
menced j and this, again, was completely covered and pro- 
tected before the tot instalment of the black mould was laid 
down. 

It will be seen from the natm'e of the case that the ana- 
chronisms, if such there be, must be confined to the mechanical 
beds, for the objects incorporated within the stalagmites were 
at once fixed in their places by the cementing action of the 
calcareous matter which entombed them, and which, unlike 
incoherent matter mechanically brought together, was in- 
capable of disturbance or rearrangement. - 

How, whilst it cannot be denied that specimens not stiictly 
contemporary may be lying cheek by jowl,” as wo say, in 
a mechanical bed, it must also be admitted that any ana- 
chronisms that may have occurred must be confined to the 
period which the bed as a whole represents. In short, every- 
thing in the cave earth, for example, must be more ancient 
than anything in the immediately overlying stalagmite, and 
more modern than anything in the crystallme sheet directly 
below ; and so on in other cases. 

It must also be obvious that any anachronisms which may 
exist can he of little moment in the question before us, unless 
it be admitted that the bed in which they are potted repre- 
sents a very protracted period; but such an admission would- 
be equivalent to acknowledging the great human antiquity 
for which I contend. 
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Let us now proceed •witli tke beds in the order in wliioh 
they occur. The black mould is found only in those parts 
of the cavern into •which the entrances immediately oppn, 
and such as are prolongations of them. It varies in thick- 
ness from three inches to about a foot, and is made up mainly 
of vegetable matter, leaves blown into the cavern during 
autumn, aiiicles left by visitors, things deposited by human 
dwellers in the cavern, or brought in by the smaller ani m als 
which lived there. Persons who now go into the cavern 
occasionally drop sixpences and other small objects, so that 
you perceive we were not unlikely to meet with anachronisms 
in that deposit ; but I contend again that all the things found 
there belong to different paiis of that one period represented 
by the black mould itself. They mainly and essentially, 
-however, belong to the Lomano-British and pre-Eoman por- 
tions of British history. This uppermost bed, then, takes us 
back at least 2000 years as a minimum, and it is diflS.cult to 
prove that it does not take us back much fmther. This is 
our first chronological stepping-stone. 

We come next to the gi'anular stalagmite, the second 
deposit. Kent’s Cavern is an isolated hill. The rain that 
has done the work of forming the stalagmite is simply that 
which falls on the hill itself. There is no drainage from the 
siuToimding coimtry into the cavern. You know that a 
given quantity of water will take up a definite limited quan- 
tity of carhomo acid, the exact quantity depending partly on 
the temperature of the water and partly on the pressure 
to which the water is subjected. The higher the tempera- 
ture of the water the less carbonic acid will it take up ; and 
the greater the pressme the more it will take up. Speaking 
roughly, at ordinary pressni*es and tem^^eratiu'es I beheve 
the water will take up, pretty much, volume for volume. It 
does not however follow that, because it can take up this 
amount, it can get it to take. The only carbonic acid which 
it gets is that derived from the atmosphere and from the 
decomposing vegetable matter on the surface. Armed with 
this, the water, percolating through the roof, dissolves the 
limestone, or, to speak scientifically, the carbonate of lime of 
which the roof consists, and the greater portion drops finally 
dn the fioor,’ where it takes one or other of thi’ee different 
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principal forms, ^^paps,” bosses, and sheets, as they 
called in Deyonshh’e, 

The pap, so named from its resemblance to a' cow’s p£ 
teat, rises from the floor in the form of a more or less 
cylinder, of variable height and of comparatively sle 
girth. So far as I know, most paps have a tube or 
irmning down the centre from top to bottom. They i 
to be formed in this way : the water is dropped so 
truly as to enter that central tube and occasional!; 
fill it, when a slight accretion takes place, and so the 
gradually increases in height. The formation of the pj 
the result of a veiy slow drip of water. Bosses are rou 
in the form of paraboloids, and have their origin in a i 
copious drip of water ; and a still more j)lentiful 
forma a sheet. All the three formations, however, are e: 
sively slow. N ow, if we ascertain the rate at which a g 
pap is formed, that may serve very well to enable us to 
culate the amount of time represented by t/iat pap, b' 
will not necessarily apply to another pap, and certainly 
not he used as a chronometer in the case of a paraboloi 
a sheet. Going a little further, suppose the drip from 
roof had been more copious still, a flowing stream w 
have resulted, and probably no stalaginite whatsoever w 
have been precipitated, as the calcai^eous matter would ] 
been carried out of the cave. 

It is held by many that stalagmite is foimed in cave; 
cause the water evaporates, and leaves a calcareous residi 
What if there be no evap oration? I have wet and dry ' 
thermometers in Kent’s Cavern, and so far as I have 
discovered, there is, except near the entrances, *no 
poration at all. How the stalagmite is formed is 
jDerhaps a moot point. My hypothesis — for it dese 
no higher name^ — is this: The temperature of the 
almost unvaiying; there is no summer or winter ir 
no day and no night, so far as heat is concerned. AU 
year round the temperature stands at about: 51J°. I 
suppose that in the winter time the tem])erature of 
exterior be some 35° or 40°. The water falling on the 
licks up the carbonic acid from the siuface, and dissolve 
much limestone as it can. It reaches the interior satin 
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witli carbonate of lime, and Unding tlie temperature there 
51^°, rises to that temperature. That increased temperature 
thro^TS off a portion of ^he carbonic acid, and carbonates of 
lime is necessarOy precipitated. If this hypothesis be cor- 
rect, the deposit ^is formed in the mater season only, and 
never in the summer, except near the entrances of the cavern. 
This speculation I throw out for what it is worth j but if I 
am right, the I'ate at which the stalagmite is formed is 
excessively slow indeed. 

A good deal has been said about the mte at which the 
masses of stalagmite in Ingleborough Cave, in Yorkshire, have 
been formed, and a friend of mine has made some interesting 
observations on the mass called the Jockey Cap. I saw 
that mass last September, and am perfectly satisfied that the 
measurements of it just alluded to are utterly valueless for a 
measurement of the time represented by an^hing else than 
the Jockey Cap itself. That chi’onometer does not apply 
to anything else. It cannot apply to anything in Kent’s 
Cavern. The rate at which a moss is formed in one cave 
is not necessarily or probably the rate at which a mass 
has been formed in another cave, or even in another branch 
of the same cave. * 

In Kent’s Cavern there is a series of inscriptions on a boss, 
one of which goes back to 1604. I do not like j^eople to cut 
them names on trees, etc. ; I should not like to sco John 
Smith’s name on the top of an Egyptian pyrainid ; but I am 
thankful that people had this habit of old, and that some of 
them cut them names, initials, and dates, 270 years ago in 
Kent’s Cavern. That inscription is not obliterated. Stalagmite 
lias accreted on it, but the amount formed upon it dui’ing the 
last 270 years is certainly not more than a twentieth of an 
ineb in thickness. Measimed from the centre of the boss on 
which it occurs, and at right angles to the successive almost 
filmy sheets, there are 6 feet to account for and 270 yearn 
for the twentieth of an inch. The time now confrontmg us 
, seems almost overwhelming. It will be remembered that 
.the block mould took us back at least 2000 years before we 
.reached this stalagmite deposit ; and we cannot but feel that 
we may rest the whole question .of the antiquity of man being 
gi’eater than om* fathers sripposed on these, our fii'st two 
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stepping-stones alone. But some of my iriends tell me tKat 
possibly stalagmite was formed more mpidly in ancient times, 
j^dmit the possibility, but let us ^ee where it will lead us. 
Was there more rain in those olden days 'I If so, as no more 
rain can come down than has gone up in the foini of vapour, 
there must have been more evaporation and a higher tempera- 
ture; but the temperature was lower during the Kent's 
Hole period, not higher. Was there more carbonic acid in 
the atmosphere ? Geology affords no evidence of anythin^ 
of the kind. Did vegetation grow more rapidly, and, by its 
decomposition, produce more carbonic acid? This, too, woulcl 
imply more heat, which we have seen is an untenable posi- 
tion. Was the con6guration of the surface of the surround- 
ing district such that the cavern received the drainage of e 
largo area, and not simply that of the hill in 'Which it if 
situated? That is simply another, and probably not a shorter 
road into antiquity. Supposing that any or all of these thing! 
are assumed, they inevitably absorb a large amount of time 
and that is the very thing for which we are contending. . 
do not believe it is possible to take any view of tbe forma 
tion of the stalagmite that will require a less amount o 
time than that which I have just endeavoured to pu 
before you, independently of these hypotheses of wMcl 
I have just spoken. I ought to state, as one genera 
fact, that wherever in the cavern the diup from the roc 
is rapid, there the stalagmite is thick, implying ihat i 
was rapid fomerly as now ; wherever the stalagmite is thi 
there is now but little drip ; and wherever, and there are 
few such places, there is no stalagmite at all there is no dii 
at all. The lines of drainage, then, whatever may he th 
tmth about the rate of drainage, have remained the sam 
throughout all the time represented by the stalagmitic floo' 
ahcl bosses, and paps. 

Before quitting this port of the subject it seems desmab. 
to dii’ect attention to tbe necessity for great caution in tl 
use of data when attempting to calcidate the time represente 
by stalagmites. By way of illustration, and in order ■ 
secme simplicity, let it he supposed that the 'volumes ' 
stalagmitic matter, precipitated in given large equal period 
have been uniformly the same, so far as any particular ma 
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to be d^alt mth is concerned. Let fig. 1 be a vertical sectior 
tbrongb a horizontal sheet of stalagmite of uniform tbickaess, 
built up on a -well-defined aim by the successive formati<5r 
of parallel and horizontal laminae, represented by the parallel 
lines in the figure j and let the line ab^ drawn at right anglej 
to the laminae, and therefore representing the thickness oi 
the sheet, be 5 feet. Lurther, let it be supposed that it has 
been cleaidy ascertained, thi’ough inscriptions or other trust- 
worthy evidence, that during the last 270 years the film 
precipitated amounted to *05 (one-’twentieth) of an inch in 
thiclmess, to use the figures already mentioned. In such a 
case no possible error could arise in using that thickness as a 
chronometer, and the conclusion that the whole sheet repre- 
sented 324,000 yeai’S ( = 5 feet -f '05 inch x 270 years) would 
be perfectly trustworthy. 


c 



Fig. 1. I'ig. 2, 

IText, let fig. 2 represent a vertical section through a doss 
in the form of a right cone, buQt uji by a succession of sym- 
metrical conical envelopes, represented by the parallel lines 
on each side of the axis, b c, of the figure, having its slant 
sides, G di G 6^ and the diameter, d e, of its circular base, all 
equal to one another, and of such dimensions that the height, 
b Of of the cone is 10 feet. The line a b, drawn at right 
angles to the lomiute from the centre of the base, would be 
5 feet ; that is, the thickness to be accounted for would be 
the same as in fig. 1 ; but if, in this case also, the envelope 
formed during the last 270 years were known with certainty 
to be *05 inch, the 5 feet would be found to be by no means 
equivalent to 324,000 yeax’S, as in the former case ; for the 
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conical enyelope, *06 incli tHck, and entirely and xiniformly 
covering our cone, would contain about *87267 cubic foot of 
stalagmite ; and tbie, according to tbe hypothesis, would be 
the volume precipitated in every 270 y cal's. This amount, 
however, would have made a thicker and thicker envelope 
when the cone was smaller and smaller; in other words, g 
film *05 inch thick, instead of representing 270 years through- 
out the entii-e history of the cone, would be the index of f 
less and less period as it was followed further and furthei 
into antiquity, so that the chronological value of the entire 
cone must' be calculated by another method — by volume^ noi 
tMckriess. * The cone here supposed would contain aboin 
3-19 -0666 cubic feet, wliich, at the rate of *87267 cubic foo' 
in every 270 years, would give 108,000 yeai’s ( = 349*066( 
cubic feet -r *87267 cubic foot x 270 years), instead of 324,00C 
years, as in fig. 1, It must be \mneces3ary to say that thi 
foregoing figures must be regarded, not as actual, but a 
illustra tive merely. 

I pass now to the third of oim stepping-stones — ^the cav 
earth and black band, which may be taken as one. Th 
black band is essentially charcoal; in it we found fiin 
tools and chips, bono tools, bones that had been roasted, an 
a variety of other evidences of human residence. There is a 
opiaion prevalent in some minds that the cave eaHh wa 
furnished in this way : If I were to throw this piece of chal 
(that is, carbonate of lime) into dilute muriatic acid, th 
greater portion of it would be dissolved ; hut there would 1; 
an insoluble clayey residuum. Carbonate of lime is not, £ 
we find it, generally pure. Now, the limestone forming bl 
roof and wall of the cavern, having the carbonate of lin 
dissolved- out, would leave some , earthy residuum ; and I a 
occasionally asked to believe that this is the only sour^ 
from which the cave earth has been derived 1- I do not Sf 
there has not been a trifie, but it is the smallest trifie, 
cave earth formed in that way ; for a stolagmitic floor 6 fe 
thick represents the solution of a large amount of limesto' 
overhead, and any earthy residuum ought to have been inc( 
porated in that stalagmite, which, however, has usually ; 
trace of it, hut is entirely free from anything of the kir 
Hence we feel perfectly satisded that this earthy residin 
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must have contributed very little to tbe formation of tlie cave 
earth. The ansv^er to the question, Whence did it come ? is, 
It came fi'om the exteiior. Moreover, it did not come thi'ougli 
the roof ; there are no visible cracks or fissures to allow* of 
its passage; but it was washed in thi'ough those openings 
by which we now enter the cavern, day after day, and it was 
inti’oduced in very small instalments. The proof of the hist 
assertion is this : If you were to examine some of the objects, 
whether bones or stones, foxmd in the cave earth, you would 
see that there are films of stalagmite investing them. What 
is the exj^lanation of this prevalent fact 1 I understand it 
to signify that the cave earth, at all its successive levels, was 
for a time the floor of the cavern. On that floor thei^e lay, 
let us say, this bone, along with a number of othei’S, and 
stones and flint implements scattered here and there. Some 
of them, but not aU, were exposed to the drip from the roof, 
and that drip left on it a little carbonate of lime, and invested 
it with the film. Then there was the introduction of a very 
small amount of cave earth ‘which stopped the process, and 
the film grew no thicker. Half an inch or so above it you 
will find the same thing repeated, and so on from bottom to 
top of the entire thickness of the cave earth, showing clearly 
that the deposit was introduced through the enti’ances, and 
in very small instalments. Some of the flint implements 
found in the cave have edges so keen you might, almost use 
them as razors ; and if the trans|)ortmg water had rushed in 
impetuous volume into the cave, carrying mud and stones 
before it, is it conceivable that these fine edges would have 
been preserved ? I know to my cost that the slightest inat- 
tention to the deEcate handling of the implements will break 
the edges, and yet we find them as keen and unbroken as it 
is possible for them to be. 

These facts appear to show clearly that the cave earth 
was introduced in minute quantities with long pertods of 
time intervening; and, therefore, the cave eax’th, with its 
black band, represents a vast period of time. Bemember, 
we had to go back at least 2000 yeai’s in order to reach 
the close of the formation of the gi'anular stalagmite ; 
we had also to pass through the vast period represented 
by that sheet, and now we have a large amount of 



15 

Btill earlier time representing the black band and caye 
earth. 

Below the cave earth we have the crystalline stalagmite, 
*^vhlch is thicker than the granular, usually in the proportion 
of about 12 to 6. The same argument applies to the one 
Bheet as to the other, hut with this difference, that if the 
time represented by the granular stalagmite he so great, the 
time represented by the crystalline stalagmite must, in all 
X^rohability, have been proportionately greater. We there- 
fore make another great demand for time, for this lower and 
older stalagmite. 

We next come, in descending order, to the breccia, and I 
xnay tell you that, while the cave earth consisted of light red 
clay loam, with about 60 per cent, of limestone. The breccia 
was made up of a dark red sandy paste, with singularly few 
fragments of limestone in it; hut instead thereof, angular 
and rounded pieces of dark red giit — mateiial which the 
limestone could not haye supplied, nor the cavern hill have 
furnished. 

I must ask you to remen^her that all the way hack through 
the black mould, granular stalagmite, black hand, cave earth, 
crystalline stalagmite, and breccia, we have clear unmistak- 
able evidence of the existence of man. 

I come now to the hiological evidence; that furnished by 
the I'emains of the animals met with in tlie cave. I am 
afraid this part of the subject is scarcely possible of being 
thrown into a popular form, as it requires a somewhat more 
intimate acquaintance with biology than perhaps one can 
assume to exist in a miscellaneous audience. What is the 
biology of the black mould*? The animals, whose remains wo 
meet with in that uppermost deposit, are the seal, water-rat, 
I'abbit, hare, goat, sheep, red deer, sho^fronted ox (repre- 
sented, it is believed, by the Welsh present day), 

brown bear", fox, dog, pig, and man. plenty of 

human hones in this upper deposit. I would ask you to note 
that there is not a single extinct animal in that list. They 
are all animals which still occupy Western Europe, and, with 
veiy few exceptions, are all such as occupy Devonshire at 
the present day. 

Passing to the animals found in the granular stalagmite, 
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black band, and cave earth, wo have very different types : 
tho cave lion, lynx ('?), vdld cat, cave hyena, -wolf, fox, 
Arctic fox (?), glutton, badger, cave bear, grizzly bear, 
brovoi bear, mammoth, the woolly rhinoceros, horse, wild 
bull, bison, Irish deer, reindeer, hai'e, cave jDika, water 
vole, field vole, bank vole, beaver, and mtchairodus latidens. 
These animals are all found in the granular stalagmite, 
black band, and cave earth; but they are more abundant 
in the cave earth than in the other two deposits. In con- 
nection with this list there are one or two facts worth 
noticing. Fu'st, it includes animals that still exist in 
Devonshire; secondly, animals that no longer exist in 
Dritain, but exist elsewhere in "VYestem Eui'ope, such as 
the brown bear and others; and, tliirdly, animals that no 
longer exist in the world, and have not done so within the 
times of history or eveu tradition. Legends go back a great 
way, and sometimes clever and learned men explain the 
allusions they contain; but there is no allusion to such ani- 
mals in any legends or traditions which are extant, to say 
nothing of trustworthy history. % 

Going further hack still, to the crystalline stalagmite and 
breccia: the remains found in the former ai’e few in number, 
and in the latter abundant. The cave bear is found in gi'eat 
plenty, the cave lion very sparingly, the fox still more spar- 
ingly. These are the only animal remains foimd there. 

You perceive that these facts justified me in ch’awing out the 
second column in the table — that under tbe word ‘‘Bones.’^ 
The filrst or uj^per section in this column is entitled Ovine," 
and is set apart for the remains of animals found in the black 
mould, below which no relics of sheep were found. The 
remains found in the granular stalagmite, black band, and 
cave earth, embraceklie hyena in prodigious quantity; and I 
have therefore the penod represented by these three 

deposits the “ Upi^ie pezfiod." The hyena, I may mention, 
was not found above the granular stalagmite, nor below the 
cave earth. I think it not impossible that, in order to make 
myself clear, I may repeat from -time to time some of the 
facts which I stated in my former lecture. The hyena., as 
you know, has comparatively few teeth in its head, as com- 
paa’od with the horse, the rhinoceros, and many other 
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forms. If you take all tlio teeth, found in tlio cave earth, 
black band, and stalagmite, those of the hyena, leaving out 
of sight the paucity of teeth in its jaws, amount to 30 or" 
40 per cent, of the whole, showing clearly enough that he 
was master of the situation, the presiding spirit, and that 
he was in the habit of dragging piecemeal the remains of 
other animals into the cave to satisfy his hunger. The 
remains in the ciystalline stalagmite and the breccia are 
almost exclusively those of beai’s; hence I term the time they 
represent the “ Ursine period.” The bear, however, was not 
coniined to the crystalline stalagmite and breccia, as it was 
found in the hyeniiie deposits also. This biological classifica- 
tion is intended to apply to Kent’s Hole only. 

In considermg this part of the subject, one is prompted to 
put the question, What was it caused the extinction from the 
entire world of many of the animals that have been named? 
Will you say that man killed them off] It would perhaps 
be not surprising that man should have killed off, say, the 
large mammoth. He has, however, failed to exterminate 
the allied species, the African and Asiatic elephants. The 
mammoth was probably not so very large an animal as many 
people suppose; its tusks were of enormous size, and hence 
the popular belief about their owner. It was, however, a 
large ttirget, and even a bad marksman might, it is true, 
kill it down ; but wo have to remember that dt extended 
from Texas and the latitude of Eome, all the way to the 
Arctic Ocean, across the whqje of Korth America, Europe, 
and Asia; and from all these enormous tracts of country, 
where formerly it existed in countless numbers, it has en- 
tirely disappeared. But, supposing that man could directly 
have caused the extinction of such an animal as that, what 
about the little pika, the tail-less hare] I should not be sur- 
prised if there is at least one gentleman in this hall whose 
premises are infested with rats. When that gentleman can 
succeed in ridding his premises of these vermin with a cer- 
tainty that they will never return, I will then believe it to 
liavo been possible for man, by direct action, to exterminate 
from the entire world the cavo pikas, smaller than I'ats; 
but until that is dono, I shall ho sceptical. It was probably 
not man’s direct agency that caused the extermination; but 
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lie may have assisted by his indii'ect agency. To illus- 
trate -what I mean, let me say that v^e have two kinds of 
rats in Britain, the black rat, our oldest friend, ancl^ the 
larger reddish-grey rat. The latter came here in a ship, it 
is supposed, without the intention of the men who brought 
itj and this large reddish-gi'ey rat has killed down the black 
mt to such an extent that the latter is now very rarely seen. 
How did the grey rat accomplish this? By a stand-up fight? 
Hothing of the kind. I do not say they never do fight ; 
but the stronger grey rat ate the rat-producing food, and 
starved out the other kind, which is now disappearing in 
consequence of getting little to eat. The fact is, there is a 
certain amount of rat food in the country, of which the grey 
rat is master, and the consequence is the other is becoming 
gradually exterminated. I may state, in passing, that an 
eminent Frenchman told me (I do not know that it is a fact) 
that a species of rat, previously unknown in France, entered 
that coiintiy, following the French army in the disastrous 
retreat from Hussia. I daresay a struggle for existence took 
place between that int and the rats which were in France 
previously, and in that indhect way man may have had 
something to do with rendering the previous rats veiy scarce*- 
As already stated, we find, com mingled in the hyenino 
period, animals, some of which still exist in Britain, others 
living in western continental Europe, and some totally 
extinct. It is fair to conclude that the last did not become 
extinct through any convulsion extending throughout the 
whole world. Any such convulsion that shook certain species 
out of the globe, would in all probability make a clean sweep 
of the whole, whereas only some kinds disappeared, while 
o.them remained. I do not beheve that there has been, from 
the first advent of life in this world, anything like a univer- 
sal and synchronous depopulation of the globe. If, therefore, 
it was not by convulsion, if it was through the failure of a 
particular kind of food, however caused, which starved out 
certain, forms, we cannot suppose that the extinct animals, 
and there are a considerable number of them, all disappeared 
at one and the same time, or in anything like a short period. 
If any of you have seen Exeter Cathedral, you will have 
observed that m its exquisitely beautiful west front there 
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are nnany niches filled mth figures of kings, ■waniors, and 
saints, aU made of the same kind of stone. Some of these 
figures decay more rapidly than others ; some are ready to 
drop outj some indeed have done so, and their places have 
been supplied vdth new figiu’es ; and othem remain tolerably 
fresh. That probably represents the outgoing of the different 
forms of life which have disappeared from our earth.. We 
cannot siippose that any two of them disappeared at one and 
the same time, and, when we have so many extinctions to 
deal with, there can he no doubt whatever that the extinc- 
tions represent a gimt amount of time. 

Passing to another point : if you turn to the second division 
of the table — that headed Periods,” you will find in the last 
column, under the word “Biological,” the words “Recent” 
and “Pleistocene.” By “recent” we mean that all the ani- 
mals, from shell-fish to mammals, of the peiiod w^hich it 
embrixees, were identical with species now existing. By going 
back fai' enough in the deposits forming the eoi'tffs crust we 
come to a time when, although the shell-fish were all specifi- 
cally identical witli such as now exist, a portion, and some- 
times a conaidemble poiiiion, of the mammals belonged to 
species now extinct. Underatand that I am not spoaldng of 
indiMiial life, but specific hfe. Let us suppose that we 
take, by way of illustration, a cuttle-fish, with which you are 
all well acquainted, a star-fish, and, shall we say, a fox? 
The star-fish has the lowliest organization of the three, 
the cuttle-fish occupies an intermediate position, and the fox 
is more highly organised than either of the other two. They 
are all living now j but let us trace these animals back imtil 
we come to a time when they were not, a time, so to si:)eak, 
when they made their advent. Which will carry us fax*thest 
back? The least highly organised — the star-fish. The sx^ecifio 
life of a lowly organised creature, having all its paRs but little 
differentiated, is longer than the specific life of a creature more 
highly organised. Thus, when we go hack we lose more and 
more of our mammals, but still have all the shell-fish pre- 
cisely as they are at the present day. When we go back to 
a time when the molluscs, that is, the shell-fiah, were all, but 
the mammals were not all, identical with those of the 23resent 
day^ we call that period the “pleistocene period,” as shown 
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in tlie table. There ai'e mimerous other periods farther back 
in time } but, without troubling oui'selves about them, every 
onej I am sui'o, will admit that even to go back as far a# the 
pleistocene era, is to take a vast joui'ney into antiquity ; but 
even there we hnd distinct evidences of the Devonshire Cave 
men, as is seen by a glance at the third and sixth columns 
of the table. 

We now come to the archcBological evidence. You will 
observe that, imder the word Implements,” in the third 
column of the table, a general idea is given of the im- 
plements found ill the successive cave deposits. The follow- 
ing is a list of the human industrial remains we found in 
the ovine deposit : — Whetstones ; angular and curvilinear 
plates of slate ; pieces of smelted copper; bronze articles, 
including rings, a brooch, a spear-head, and a pin; flint 
strikie-lights ;” spindle whorls made of various kinds of 
stone, and some of them ornamented ; bone tools, including 
an awl, a chisel, combs, in size and shape somewhat like 
shoe-horns having the teeth at the broad end ; amber beads ; 
charred wood ; and — here is a case of the potted anachron- 
isms” pi'cviously alluded to — a halfpenny of 1806 and a six- 
pence of 1846, so that we were not without our pecuniary 
rewai'ds. These are the artihcial articles found in the 
black mould. 

'In the hyenine deposits we discovered bone tools, includ- 
ing a needle or bodkin having a well-formed eye, a pin, 
three harpoons, a perforated tooth of a badger, probably to be 
strung with others as a necklace ; whetstones ; a “ hammer- 
stone;” impolished flint flake tools, flint chips, flint cores;” 
and “ dead ” shells of pectens, that is, single valves, the mol- 
luscs which formed and inhabited them having died, and 
other marine organisms having built their shells within these 
valves as they lay at the bottom of the sea. If you were to 
find that a man brought home a “dead” shell, say of an 
oyster, you would conclude that he did not bring it home for 
the sake of any food it contained, but to use it as a tool. 
You have, for instance, seen pecten shells used iu the present 
day for scooping out sugar and other things. In one place 
in the cavern I found seven of those sheila packed one in 
the other as neatly as any housemaid could pack her saucers, 
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and tlie whole seven were placed away in a recess in the 
wall which appeared to have served as a cupboard. 

In the ursine deposits we found unpolished flint tools and 
nothing else. I said a while ago that in the hyenine deposits 
were found flint flahe-tool^j but the men of the ursine period 
did not strike off flakes from flint nodules, and form the 
flakes into tools; but they took the nodules of flint and 
chipped them into useful shapes. I will ask you to notice 
carefully the difference in the finds.” In the upper deposit 
we have metals and pottery and .spindle whorls. In the 
hyenine deposits we have nothing of the kind ; there does 
not seem, during that period, to have been any knowledge of 
metals, or of spiumng, or of pottery, however rude. The 
people, however, had flint and bone tools; they 

had needles or bodkins, awls, and pins^ probably for fasten- 
ing skhis across the chest. Some poet, describing a savage, 
says — 

** Tlie shaggy wolfish skin he wore, 

Pinned oy a pohshed bone before.” 

(Whence that passage comes I have not been able to find; 
but it is quoted by MacEnery in his description of Kent’s 
Cave). There was, however, neither any kind of bone tool 
nor of flint /a^fl-tool in the ursine deposits; the only artificial 
objects were flint 7iodule-tod\B.'^ 

Now, let us see if we cannot co-ordinate the cavern 
archfBology with the prehistoric archseology. of Western 
Europe ^neraUy. In the second division of the table there 
is a column headed Archfeological.” I need not tell you 
dweUera on the Clyde-side that we are living in the Iron Age. 
By going far enough hack, however, we reach a time when 
men had no knowledge of iron ; and it would almost seem 
that the earliest iron that was used was meteoric ii’on. It 
seems a difficult thing to understand how a man without 
something like inspmtion could ever have got the idea that 
out of ironstone he could ’get the beautiful metal which we 
can iron, and use so largely; but he succeeded somehow. 


* Por the broad distiiiction between tbe flint/a^ie-tools 
nodule-tooU I oaimot do better than ref er you to tbe 
o£ them in the report of my lecture on Kent s Caver^ published by 
Messrs. Collins, &na, & Co. (see figs. 1 to 4 and fig. 10). 
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You are aware that certain metals, such as gold and silver, 
are found imcombined with other things and are called 
^‘native. ” Copper is occEisionally found native, and 1 have 
seen pieces in Cornwall in that state. In America a very 
large amount of native copper is found, but native non is 
found nowhere except in the form of meteoric iron. Eminent 
Egyptologists inform me that the earliest known mention of 
‘‘iron” occurs in an Eg 3 ?ptian papyins, and that the word 
there used as the name of non signifies “ stone from heaven.” 
Prior to the iron period man’s knowledge of metals consisted 
of an acquaintance with copper and tin, which, united, make 
bronze. In order to do tins ho had to find his copper and 
tin, smelt them, and unite them in proper proportions to give 
them the proper degree of hardness. You are aware that 
in the Bible and other old books we meet with the word 
“ brass.” I believe it is safe to say that it should always be 
“bronze.” Brass is a compound of copper and zinc, and all 
analyses show that the ancient so-called brasses were compounds 
of copper and tin, and were therefore bronzes. I have no doubt 
that the tin mentioned by Ezekiel and Homer, and other old 
writers, was Cornish tin — excuse that bit of nationality, for 
I am a Cornish man. The late Dr. George Smith, who has 
written so exhaustively on the source of the tin of antiquity, 
says: “Wo have ranged over the whole line of Egyptian 
maritime commerce, as given in its earliest authentic records, 
but find no ti’ace of tin being carried from the east or south 
to that country. ... We have found, indeed, that 
tin was known and recognised as an article of traffic, but 
that, instead of its coming from the east to Egypt, it has 
been invariably exported from Egypt to the east ” Oas- 
siterides^ 1863, p. 23.) It appeal's, in short, that the tin 
now found so ahimdantly in the island of Banca, east of 
Somati'a, was not then worked or known, but that the ancient 
tiu came from the Cassiterides — another name for Cornwall. 

It is thought that during a short period prior to the bronze 
age man made copper tools. The period was probably but 
short, because the copper was pot hard enough to form 
useful tools. Earlier still man made tools exclusively of 
bone and stone, diirmg what has been termed the “ Stone 
Period.” The stone tools of pre-metaUic times are readily 
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divisible into two groups — those which are and those which, 
are not polished; and a study of the circumstances under 
which they are found shows that, in. any o'oq and the same 
d-istrict, they belong to distinct eras, the unpolished being 
the more ancient. Moreover, the unpolished tools are found, 
in Britain and Western Europe generally, commingled witb- 
remains of extinct mammals, which the polished ones never 
are. It was reserved for Sir John Lubbock to give to tho 
two series, as well as to the deposits and periods to which, 
they belong, the happy names of ^^Palceolithic” and ^^Neo- 
lithic;” the former term signifying ancient stone and tho 
latter n&w stmie ; and the names were at once adopted by 
anthropologists generally. 

It should be understood that whilst these archseological 
distinctions simply denote different states of civilization when- 
applied to the world as a whole, they have a clear and trust- 
worthy value in relative chronology when restricted, as irt 
the present instance, to a limited and long settled region like 
Western Europe. Let us now imoceed to the inquiry, Whah 
indications of these successive archmological periods are there 
in Kent’s Hole ? An answer will be found by comparing 
the third and fourth columns of the table — the last in tlio 
first division and the first in the second division— headed 
respectively Implements ” and Archceological.” It will 
be seen that in the ovine bed relics of tho iron and bronze 
periods were certainly found, and that tliis deposit has pos- 
sibly, but not certainly, yielded truces of the neohtldG period. 
The doubt intended to be expressed by the note of interroga.- 
tion after the word “and” springs out of the fact that 
committee now conducting the researches in the cavern £o^ 
the British Association have formd no such traces, so that it 
seems probable that the neolithic period is entirely unrepre- 
sented in Kent’s Hole. On the other hand, the Hev. J - 
MacEnery, who, as you know, explored the cavern fifty years 
ago, appears to have found one polished stone tool m tiro 
black mould; but even this specimen would scarcely be con- 
clusive, as such tools may have been used for sacred or sym- 
bolical purposes long after the neofithic period had ceas^l. - 
Be this as it may, every tool below the black mould bdonga 
to the palceolithic period. But this period, at leafit so for as 
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Kent’s Cayorn is concerneJ, must Lo divided into two, cor- 
responding respectively with the hycnine and lu’siuo deposits 
and eras. The least ancient of these is the period of fliiifc;/Za/ce 
implements, and the most ancient is that of ilmi-nodule 
imglements. The two series are never commingled; tUo 
distinction between them is broad, and, os must bo I'einom- 
bered, they both belong to the times of extinct mammals. 

If we try to get some notion of tho amount of time re- 
presented here, leb me ask you to boar in mind (and I have 
no political meaning in what I am going to say) that inon 
are conservative in proportion as they are ignoiunt. What 
I mean may be illustrated thus — British people have Ijoou 
in the habit of eating British beef and mutton. If I tried 
to prevail on a household to eat Amtralian beef, I should 
succeed in the dining-room long beforo I conld do so in tho 
kitchen. In tho same way, when man liad notliing but 
rude, flint, unpolished tools, ho may well ])o tunned pro- 
foundly ignorant, and his emergonce from tliat couditiou Avas 
no doubt extremely Mow. He emerged froni tho neolithic 
peiiod probably a little more rapidly, and from the bronzo 
period more mpidly still; but it cannot be doubted, knowing 
what human nature is, that the periods described nprescuit 
a prodigious amount of timo. Further, tlioro couu^s tliiu 
question, which has a very important bearing on tho subjoct 
before us, Were the neolithic men, tho men wlio iisod 
polished tools, the descendants of the paleolithic men, or 
were they another ince that came in and conquered tlioin? 
The question is not ca 2 :>able of being answered; but ib will 
be seen that, if thoy were a sej^arato race, then avo have two 
peoxdos having an ancestry romovod far back into a still 
more remote antiquity. Tlio same thing applies to all tho 
other periods. Further, it must not bo supposed that Avboii 
the neolithic j^eriod began, the 2>alGolithic tools Avero dropi^od 
at once and for ever. Foi’ mugh and ready purposos a initu 
Avould chip a flint into shape, and pcvfoi'iu with it such w^n-k 
as it was capable of doing, without taking the trouble to 
poliali the tool, although he did live in the neolibliic age, aiul 
the same thing Avould probably bo dono iu tlio brujize a*ro. 
You must therefore be very cai^eful Loav you use these t(irins. 
borne people seem to have had their minds perplexed about' 
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tlie discoyerieg I'ocently made in tlio Tread j and wo are told 
that what is supposed to bo the site of ancient Troy presents 
this anomalous state of things: a deposit containing highly 
m^ought implonients, having a deposit overlying it with 
more rudely wrought tools ; as if men had retrograded. But 
is this really anomalous? There was a time when, before 
the arrival of the Homans in this country, the Britons were 
exceedingly rude, and tlio implements they left behind them 
represent a very rude nge. Then came the Homans, and the 
deposits lying on tho British remains contain Homan indus- 
trial products showing higher culture. Then the PtomUns 
■withdrew, and the subsequent British remains showed some- 
thing like retrogression, although tho Britons had improved 
to some extent under tho Homans. When the rude Saxons 
came tho signs of retrogression wore still much more strongly 
marked. That in all i)robability suggests tho explanation of 
■\vhat LS supposed to bo a dihiculty at Troy. 

Directing attoiibioii once more to the table, you will see 
the words, “ Danish Bog heading tho fifth column. In 
the time of the Homans,” siiys Sm Charles Lyoll, 
Danish isles wore covered, as now, with magnificent beech 
forests. Howlioro in tho world does tlds tree llourish luore 
luxuriantly tlian in Denmark, and eiglitoon centuries have 
clone little or nothing towards modilyiiig tlie character of 
tho forest vegetation,”* Tlirougliout the country there are 
to bo found a number of bogs, wbicU have boon made tlio 
subject of mvostigation by tliose omuiont men, tho Danish 
irchmologists, and this is tho outcome of their inquiries. 
The up 2 )ormost layer consists of debris of beeches and other 
trees. Wlienover you roiich a certain dojith you cease to 
[lavo any traces of bcocli; but, in their ifiaco, tho Pedun- 
culated oak” — that is, an oak whoso acorns have long atoms 
or peduncles; lower still, there is another variety of oak in 
which the acorn has little or no peduncle,” and this 
.variety is known as tho “ Sessile oak;” and lower still is tho 
Scotch fir. Tho Scotch fir will not gi'ow in Denmark now, 
iveii when coaxed and petted by tho nurseryman. Hero, 
»liGn, is a chronological series, which it is i)OSBiblo to con- 
’'ert roughly into time, Hemombor that tbe liixuriant 
* Aniujiui// of MaU) 1873, p. 17. 
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beecli in Denmark waa a state of tilings existing 1800 years 
ago, and kad not tlien just commenced. We cannot avoid 
going back at least a couple of hundred yeai’S before that 
and saying, Perhaps 2000 or more yeai’s ago the beech era 
commenced in Denmark.” Moreover, the beech still holds 
possession of the country, and, left to itself, would, in all 
probability retain it for a further period of, say, 500 years; 
so that a moderate estimate gives 2500 years as the minimum 
value of the most recent term of the bog series ; ^d there 
are four such terms. Were we sure that they were aU oi 
equal value we should get 10,000 years for the whole; but. 
to avoid aU appearance of greed, let us be content with half 
that time, and take 5000 years as the chronological value 
of the entire bogs. 

Have these successive forests disappeared through any 
great comuilsionh Hothing of the kind; for the aspen and 
other trees are foimd from top to bottom. The changes that 
have occurred were’ potent, so far as the Scotch hr and then 
the oaks were concerned, but were not potent in the case of 
the entire vegetation, for the aspen has hved through them, 

I want you now to co-ordmate the two columns in the table, 
headed “ Ainhieological ” and ‘‘Danish Bog.’’ Industrial 
human remains are, found in these bogs: iron implements 
extend just to the very bottom of the beech portion, but not 
under it. Below that, embracing the whole of the pedun- 
culated oak period and about one-half of that of the sessile 
oak, are bronze tools. Underneath that there are no traces 
of metal of any kind, but polished stone implements are 
foimd. The eminent Steen str up found, with his own hands, 
beneath a Scotch fir, at the bottom of the bog, a well-polished 
flint implement, showing that all these successive periods 
had not taken him back to the palceolithic age. It should 
be noted too, as being in harmony with this, that every one 
of the organic remains, found from top to bottom in the 
Danish bog, are remains of such species as still live. I 
quote from Sir Charles Lyell : “ All the land and fresh-water 
shells, and all the mammalia, as well as the plants whose 
remains occur buried in the Danish bogs, ai^ of recent 
species .” — {Antiquity of Man, 1873, p. 7), 

Let us now co-ordinate these bogs with Kent's Qavem, 
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We go back tlirotigli the iron, bronze, and neolithic periods, 
and are thus taken so far back as the Scotch fir in the 
Danish bogs. Whei’e are we in the cave? We have only 
got back to the bottom of the black mould. The 6000 years 
of the Danish bog takes us hot a step fiu’ther, if so for; 
and beyond that are the granular stalagmite, black band, 
cave earth, crystalline stalagmite, and breccia; each an iin- 
portant term in a series stretching into a remote antiquity; 
but even to the last are clear traces of man — ^not his bones — 
but the implements he made. 

I have thus conducted you rapidly through three of the 
lines of evidence ; and although each one has failed to tell us 
the exact number of yeai’S, I must call your attention to the 
fact that the three are entnely independent of one another; 
yet they all pi'oclaim a high antiquity. If you have tlu'eo 
men "whose testimonies in a court of law ai^e somewhat vogue, 
yet if there be no collusion, and if there be a general con- 
sensus ia their testimonies, you think that evidence very 
strong, and so you may do here. There are two important 
witnesses whose testimonies we have not heard — the geogra- 
phical and the climatological. Time will not permit me to call 
them now. Tret me ask you in conclusion to remember that 
we have been dealing with, not the antiquity of man, but 
the antiquity of man in Devonshire; and, unless Devonshii’e 
were the cradle of the human race, which is very improbable, 
this must fall very far shoiij of tiae antiquity of man in the 
world. 




CEETAIN EEUTIONS BET^EN PILOTS 
AND INSECTS. 


Sir John Lubbock, Bart., M.P., F.B.S., L.C.L., delivered in 
the City Hall the fourth of this winter’s Series of Lectures to 
the Glasgow Science Lectures Association. There was a good 
attendance of ladies and gentlemen. Mr. Charles Tennant 
of the Glen presided, and on the platform were also Sir 
William Thomson, Sir James Lumsden, Dr. Fergus, Pro- 
fessor Thomson, Messrs. Mirrlees, J. P. Hapier, W. R. W. 
Smith, Andrew Paton, <kc. 

The Chairman, in introducing Sir John Lubbock to the 
meeting, said — That fortunately for him his duty on the 
present occasion was a simple and very formal one. He 
believed he merely had to mention the name of the distin- 
guished lecturer to ensure cordial recognition at their bauds. 
(Applause.) There were many ardent naturalists amongst 
the audience, who had followed with no small interest Sir 
John Lubbock’s interesting investigations into the habits 
and mysteries of insect life, and who had perused and 
thoroughly enjoyed the many contributions he had made to 
the literature and their knowledge of this interesting sub- 
ject. But it was not only to these smaller objects in nature 
that Sir John had devoted his attention. He had written 
two works which were very well known to the reading 
public, namely, his work upon Fre-Hi^tono TimeSy and his 
work upon The Origin qf Civilisation. These had placed 
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Lim in the first rank of arcbieologists, and had been 
translated into more than one language. His position a 
scientific man was recognised as thox'onghly in Germany uiul 
France as it was in America and in this country. But Sir 
John had other claims upon their consideration and grati- 
tude. He had been for eight years a member of Parliament, 
and during that period he had passed many valuable Acts of 
Parliament. For four or five times be had introduced a bill 
“for the better preservation of our national monuments,” 
and though- it had three times passed the second reading, the 
measure still remained to be passed. The object of that bill 
was to preserve our national monuments, not so muclrfeun 
the ravages of time, as from the unnecessary ravages of 
man. The Chairman then called upon Sir John to deliver 
Ilia lecture. (Applause.) 

Sir John Lubbook said, — When we examine any of the 
common wild fiowera which grow around us in such exqui- 
site beauty and endless variety, we find that in addition to the 
more striking differences of form, size, and colour, they difier 
also in many minor points ; some, for instance, being hairy, 
some smooth, some sticky. Now, why is this? Why are some 
plants hairy, some glossy, and othei’s sticky ? In many of 
these cases we shall find that the peculiarities in question may 
he accounted for by the relations of plants to insects. tSume of 
the most interesting of these have reference to the mode in 
which the pollen is carried by insects from flower to flower. 
In fact, it is not going too far to say, that we owe the beauty 
and fragmnee of our dowel's to the agency of insects, ajjd 
especially of bees. The colours and odours attract the 
insects which visit the dowel's for the sake of the lioiiey and 
]>ollen. This is beneficial in two ways : fii*stly, they carry 
the pollen from ])lant to plant ; and, secondly, this mode of 
transference efibets a great economy of iiollen. In ])lants 
when the pollen is carried by the wind, as for iiistaiice in 
the Scotch fir, by far the greater part is wasted. Hence 
they require a great deal more pollen than tlujse ])Iauts, 
such as the white-dead nettle, in which it is carried from 
flower to flower by insects. Into this part of the question, 
liowever, I do not purpose to enter this eveiiing. Of coui'se, 
the most familiar relation between plants and insects is, 
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that the one affords in thousands of cases the nourishnaent 
necessary to the other. That plants afford food to thousands 
of insects is well known to every one. There are, however, 
cases in which the plants have turned the tables on the 
insects, and are in their turn the aggressoi's, being modified 
in such a manner as to enable them to capture and digest 
living insects. In the American genus Dioneea, the leaves 
have a joint in the middle, and when a fly or other insect 
alights on them they close up suddenly and capture it. Mr. 
Canby has recently tried them with various substances. 
Cheese he finds to disagree very much, with them. In an 
English genus Drosera, the sundew, not uncommon in damp 
places, the hairs which cover the leaf fold over and capture 
insects. Another case is afforded by the Utricularia, a 
water plant, which is covered with small bags, formed on 
the principle of eel traps, which catch large numbers of 
small water creatures. The genus Sarracenia has some of 
the leaves in the foim of a pitcher, which secretes a fluid, 
and is lined internally with hairs pointing downwards. Up 
the outside of the pitcher there is a line of honey glands, 
which lui^e the insects to their destruction. Bees, however, 
apjDear to he scarcely ever caught. Flies and other insects 
which fall into this pitcher cannot get out again, and are 
actually digested by the plant. The relations between ants 
and plants are in many respects very curious and interesting. 
The honey in flowers is no doubt intended to attract insects, 
and especially bees, with the view of securing the transfer of 
the pollen from one flower to another. At first sight it 
may seem to be an objection to this, that many plants secrete 
honey on other parts beside the flowers ; and this is, perhaps, 
one of the reasons why the earlier botanists missed the true 
explanation. 

Belt and Delpino have, I think, suggested the true func- 
tion of these extra floral nectaries. The former of these 
excellent observers describes a South American species of 
Acacia, which, if unprotected, is apt to be stripped of its 
leaves by a leaf-cutting ant, which uses the leaves not 
directly for food, but, according to Mr. Belt, to grow mush- 
rooms on. The Acacia, however, bears hollow thorns, and 
each leaflet produces honey in a centre-formed gland at the 



6 


and a small sweet pear-shaped body at the tip. I 
consequence, it is inhabited by myriads of a small ant wlyc 
neats in the hollow thorns, and thus finds meat, drink, an 
lodging all provided for it. These ants are continuall 
roaming over the plant, and constitute a most efficient bod} 
guard, not only driving off the leaf- cutting ants, but evei 
in Mr. Belt’s opinion, rendering the leaves less liable to b 
eaten by herbivorous mammalia. I am not aware that an 
of our English plants are protected in this manner fror 
browsing quadrupeds ; but not the less do our ants perforn 
for them a very similar function, by keeping down th 
number of small insects which would otherwise rob them o 
their sap, and atrip them of their leaves. M. Forel watcher 
from this point of view a nest of Formica pratcnsis, 
found that the ants brought in dead insects, small cater 
pillars, grasshoppers, cercopis, (fee., at the rate of aboul 
twenty-eight a minute, or more than 1600 in an hour. 

When it is considered that the ants work not only all day, 
but in warm weather often all night too, it is easy to see 
how important a funefcion they fulfil in keeping down the 
numbers of small insects. Some of the most mischievous 
indeed, certain species, for instance, of Aphides and Coccus, 
have turned the tables on the plants, and convei*ted the ants 
from enemies into friends, by themselves developing necta- 
ries and secreting honey, which the ants love. We have all 
seen the little brown garrlen ant, for instance, assiduously 
running up the stems of plants to milk their curious little 
cattle. By this ingenious idea not only do the Aphides 
and Cocci secure immunity from the attack of the ants, but 
even turn them from foes into friends. They are subject to 
the attacks of a species of ichneumon, which lays its eggs 
in them ; and Delpino has seen the ants watching over them 
with truly maternal vigilance, and dmwing off the ichneu- 
mons whenever they attempted to approach. 

But though ants are in some I'espects very useful to 
plants, they are not wanted in the flowers. The great 
object is to secure cross fertilisation, but for this purpose 
winged insects are almost necessary, because they fly readily 
from one plant to another, and generally confine themselves 
for a certain time to the same species. 
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Creeping insects, on the other hand, naturally would pass 
fr^ro each flower to another on the same plant; and as Mr. 
Darwin has shown in his last work, it is an advantage that 
the pollen should be brought from a different plant alto- 
gether ; moreover, when ants quit a plant they would 
naturally creep up another close by, without any regard to 
species. 

Hence, even to small flowers, such as many Crucifer®, 
Composite, Saxifrages, (fee., which, as far as size is concerned, 
might well be fertilised by ants, the visits of flying insecta 
are much moi’e advantageous. Moreover, if larger flowers 
were visited by ants, not only would they deprive the flowers 
of their honey without fulfilling any useful function in 
return, but they would probably prevent the really useful 
visits of bees. 

If you touch an ant with a needle or a bristle, sbe is 
almost sure to seize it in her jaws ; and if bees, when visiting 
any particular plant, were liable to have the delicate tip of 
their proboscis seized on by the horny jaws of an ant, we may 
be sure that such a species of plant would soon cease to be 
visited. On the other hand, we know how fond ants are of 
honey, and how zealously and unremittingly they search for 
food. How is it, then; th^t they do not anticipate the bees 
and secure the honey for themselves 1 Kemer has recently 
jmblished a most interesting memoir on this subject, and 
pointed out a number of ingenious contrivances by which 
flowers protect themselves from the unwelcome visits of such 
intruders. The most frequent are by the interposition of 
chevaux de frise^ which ants cannot penetrate, glutinous 
parts which they cannot traverse, slippery slopes which they 
cannot climb, or barriers which close the way. Firstly, 
then, as regards chevaux de fidse. In some respects they 
are the most effectual protection, since they exclude not 
only creeping insects, but also other creatures, such as slugs. 
With this object it will be observed that the hairs which 
cover the stalks of so many herbs usually point downwards. 
A good example of this is afforded, for instance, by a plant 
allied to our common blue scabious, Knautia dipsacifoUa, A, 
The heads of the common Carlin {C(wlina mdgarisy B) again 
present a sort of thicket which must offer an impenetrable 
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l}amer to ants. Some speoies of plants are quite^ si 
except just below the flowers. The same conside 
explains the large number of plants which are more ^ 
sticky — a condition generally produced, as for instai 
the flowers of the gooseberry and of Linnm borealis, 0, 
presence of glandular hairs. jBlemer has called at tent 
an interesting case afforded by one of our common 
plants — Polygonum amphibium, which, as its name de 
grows sometimes in water, sometimes on land. So Ic 
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it grows in water, it is protected by the water, and its . 
is smooth ; but, on the other hand, those specimens w 
live on land throw out certain hairs, which terminal 
sticky glands, and thus prevent small insects from cree 
up to the flowers. In this case, therefore, the plant is 
sticky, except just when this condition is useful. All t 
'viscous plants, so far as I know, have upright or horizc 
fiowers. On the other hand, where the same objec 
effected by slippery surfaces, the flowers are often penduJ 
oreeping creatures being thus kept out of them, just as 
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pendulous nests of the weaver bird are a protection from’ 
snakes and other enemies. As instances of this kind, I may 
mention the common snowdrop, and the cyclamen, though 
no douht the pendulous habit is also useful in excluding 
i*ain. The last device for the exclusion of ants and other 
creeping insects to which I shall allude, is that of barriers, 
which either leave too small a space for the entry even of an 
ant, or which are entirely closed. Yarious instances of the 
latter will suggest themselves to every one. Take the common 
foxglove, for example. It is a closed box, within which are 
the anthers, the pistil, and the honey. It has the speciali- 
ties of a bower which is ada])ted for cross fertilisation by 
insect agency, namely, colour, honey, and the arrangement of 
the stamens and pistil. But it is closed. At first sight this 
may appear an anomaly and a disadvantage, but the con- 
tmry is the case. The bower is adapted for fertilisation by 
humble bees, and they alone can force open the door. To 
other insects the box is closed, and thus the flower is 
protected from robbery. I have 
elsewhere suggested that the so- 
called sleep ’’ of flowers had 
reference to the habits of insects, 
on the ground, that flowers which 
are fertilised by night-flying in- 
sects would derive no advantage 
by being open in the day, while, 
on the other hand, those which 
are fertilised by bees would gain 
nothing by being open at night. I confess that I suggested 
this with much diffidence, but it m\j now, I think, ^ be 
regarded aa well established. Silene nutans, the Netting^ 
luim catchfly, is a very instructive species from this point 
of view, and indeed illuatrates a number of interesting 
points in the relations between plants and insects. Its 
life history has recently been well described by Kernel*. 
The upper part of the flowering stem is viscid, from 
which it has derived its local name — the Nottingham 
catchfly. This prevents the access of ants and other 
small creeping insects. Each flower lasts three days, or 
leather three nights. The stamens are ten in number^ 
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arrangfd in two sets, tlie one set standing in front of 
the sepals, the other in front of the petals. Like other 
night flowers, it is white, and opens towards evening, wlifen 
it also becomes extremely fragrant. The fii*st evening, 
towards dusk, the stamens in front of the sepals grow very 
rapidly for about two hours, so that they emerge from the 
flower; the pollen ripens and is exposed by the bursting of 
the anther. So the flower remains through the night, very 
attractive to and ranch visited by moths. Towards three 
in the morning the scent ceases, the anthers begin to shrivel 
np or drop off, the filaments turn themselves outwards, so as 
to be out of the way, while the petals on the contrary begin 
to roll themselves up, so that by clayliglit they close the 
aperture of the flower and present only their brownish green 
■undei'sides to view, which, moreovei*, are thrown into numer- 
ous wi’inkles. Thus by the morning’s light the flower has all 
the appearance of being faded. It has no smell, and the 
honey is covered over by the petals. So it remains all day. 
Towards evening, however, everything is changed. The 
petals unfold themselves by eight o’clock; the flower is as 
fragrant as before; the second set of stamens have rapidly 
grown, their anthers are open, and the pollen again exposed. 
By morning the plant is again asleep, the antliera shrivelled, 
the scent ceased, and the petals rolled up as before. The 
third evening again the same process takes place, but this 
time it is the pistil which grows, and the long spiral stigmas 
on the third evening take the position which on the previous 
two had been occupied by the anthers, and can hardly fail to 
be dusted by the moths with pollen brought from another 
flower. 

An objection to the view that the sleep of flowers is 
regulated by the visits of insects might be derived from tlie 
cases of those flowers which close early in the day, the well- 
known Tragopogon pratmse^ or John-go-to-bed-at^noon,” 
for instance; still more, such species as Lapsana communua 
or Gvepis pulchra, which open before six and close before ten 
in the morning. Bees, however, are very early risers, while 
ants come out much later, when the dew is off the grass, so 
that it might well be an advantage to a flower which was 
quite unprotected, to open early for the bees, and close again 
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before the ants were out, thus preserving its honey for 
ap other day. 

So much for the first part of my subject. I must now 
pass to my second — the action of plants on insects, and I 
will take especially the case of caterpi Hal’S. I will not, 
however, refer to isolated cases, however interesting in 
themselves, on the present occasion, but will take a group, 
and see how far we explain its various colours anti 
markings, .and what are the lessons which they teach ns. 
For this purpose, I think I cannot do better than select the 
larvffi of the Sphingidse, which have just been the subject 
of a masterly monograph by Dr. Weissmann, the learned 
professor of Freiburg. Let me ask you then to glance at 
the diagi’ams of caterpillars behind me: they are very 
different in colour, green, white, yellow, brown, sometimes 
even gaudy, varied with spots and patches, streaks and 
lines. Now, are these merely casual and accidental, or have 
they a meaning and a purpose ? 

In many, perhaps in most cases, the markings serve for 
the purpose of concealment. When, indeed, we see caterpillars 
represented on a white sheet of paper, or if we put them, on 
a plain table and focus the eye on them, the colours and 
markings would seem, if possible, to render them even more 
conspicuous, as for instance, in the diagmm of D. godii; but 
amongst the intricate lines and varied colours of foliage and 
flowers, and ff the insect be a little out of focus, the effect is 
very different. 

Let us begin with ChcGTocliampa dpenor^ the Elephant 
hawkmoth. The caterpillars, as represented in most ento- 
mological works, are of two varieties, most of them brown, 
but‘Sf)nie of them gi’eeu. Both have a white line on the 
three first segments, two remarkable eye-like spots, the 
fourth and fifch a very faint medium line, and another more 
than four inches long. I will direct your attention specially 
to three points. What mean the eye-spots and the faint 
lateral line ? and why are some of the caterpillars green and 
some brown, offering thus such a marked contrast to the 
leaves of tlie JSpiXobium parvuni on which they feed ? Otlier 
questions will suggest themselves later, for I must call your 
atteutu.n to the fact, that when they first quit the egg, and 
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come into the world, they are quite different in a|* 
being like so many other small caterpillars, bidglit 
almost exactly the colour of the leaves on which t* 
That this colour is not a necessary or direct const?*: 
their food, we see from the case of quadrupeds, \vl, 
need not say, are never green. This tint, howt^v 
obviously a protection to them, that the explanatic 
green colour of small caterpillars suggests itself to 
After five or six days, and when they are about 
of an inch in length, they go through their fir.st 
In this second stage they have a white sub-dtjr 
stretching along the body, from the horn to tin 
and after a few days, but not at first, tmces of i 
spots appear on the fourth and fifth segments. ''J 
also a second pale line running along the side, 
another five or six.days, and when about half an 
length, our caterpillars moult again. In this thii* 
the commencement of the eye-spots is more marked ^ 
on the contrary, the lower longitudinal line has disap 
After another moult the eye-spots are still more disti i 
white gradually becomes surrounded by a black 
the centre becomes somewhat violet The aub-dorn 
has almost or entirely disappeared, and in some siJt*- 
faint diagonal lines make their appearance. 801: 
assume a brownish tint, but not many. A fourth 
takes place in seven or eight days, and when the cut<*i 
are about an inch and a half iu length ; now the dill 
shows itself still more between the two varieties, ho 
raaining gi-een, while the majority become brown. T! 
spots are more marked, and the pupil more clistiiK 
diagonal lines plainer, while the sub-domil line is on J 
cated on the iirat three and the eleventh segment.^* 
last stage has already been described, (See F.ronthpi 
Now, tlie principal points to which I desire to draw 
attention are, first, the gi'een colour; second, the Jo 
dinal lines ; third, the diagonal lines ; fourth, thn 
colour; and fifth, the eye-spots. There are, howevoi'' 
other very instructive points to which I should like tc 
your attention presently, because they throw much li^ 
this group of insects. But to return to my five points 
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regards the first, the green colour. I think I need say no 
more. The value to the young insect, the protection it 
aflPdrds, are obvious. We must all have observed how difficult 
it is to distinguish small green catei*pillar8 from the leaves 
on which they feed. When, however, they become some- 
what larger, their form betrays them, and it is important 
that there should be certain marks to direct the eye from 
the outlines of the body. This is effected, and much protec- 
tion given, by longitudinal lines, such as those occunlng in 
the second stage of our larvee. These Hues, both in colour 
and thickness, resemble some of tlie lines on leaves (espe- 
cially those, for instance, of grasses), and also the streaks 
of shadow which occur among foliage. If, however, this is 
the ex])lanation of these, then they ought to be wanting, as 
a general rule, in very small caterpillars, and to prevail most 
among those which feed on or among giu-saes. 

Similar lines occur in a great number of caterpillars be- 
longing to most different groups of butterflies and moths, as 
you may see by turning over the illustmtions of any mono- 
graph of the Lepidoptem. We have seen that they exist 
among the hawkmoths, as, for instance, in Ch, eJ 2 :)€nfjr. 
They occur in many butterflies, as, for instance, in Arge- 
galathea, which feeds on the cats’ -tail grass, and among 
jnoths, as, for instance, in Pyropliila tragopoginis^ which 
feeds on the stems of the John-go-to-bed-at-noon (Tragojro- 
gon) ; now you will find that the smallest caterpillara i-arely 
possess these white streaks. As regards the second point 
also, the streaks are generally wanting in caterpillars which 
feed on laige leaved ]tlants. The Satyridse, on the con- 
trary, all possess them, and all live on grass, ^ In fact, we 
may say, as a general rule, that these longitudinal streaks 
only occur on caterpillars which live on or among naiTow- 
leaved plants. We have seen that in a later stage these 
lines disappear on certain segments, and are i*eplaced by 
diagonal lines. In this particular species these diagonal 
lines are faint, but in a great many other caterpillars belong- 
ing to the most distinct families of butterflies and moths 
they are conspicuous, and no doubt important. Now, these 
diagonal lines come ofif just at the angle of the ribs of leaves, 
and resemble them veiy much in general effect. They are 
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present also especially in species which feed on large leav 
plants j and, I believe, I may say, that though a gi’eat ma] 
species of caterpillara are thus marked, these lines are rare] 
if ever, present in species which live on grass. In this di 
gram are represented three of such cateipillars, one belong! i 
1-0 each of the three great divisions of Lepidoptera — uaniel 
that of the purple emperor [A’patura iris)^ which feeds on ti 
oak; as representing the butterflies, that of the privet haw 
moth; and lastly, that of a moth, the Kentish glory (^Endr 
mis versicolor). It might at first be objected to this vie' 
that there are many cases, as, indeed, in our elephant haw. 
moth, in which caterpillars have both longitudinal ar 
diagonal lines. A little considemtion, however, will expla: 
this. In small caterpillars these oblique lines would be us 
less, because they must have some relation, not only : 
colour, but in their distances apart, to the riba of the leave 
Hence, while there are a great many species which liai 
longitudinal lines when young, and diagonal ones when th€ 
are older and larger, there is not, I believe, a single or 
which begins with diagonal lines and then replaces thei 
with longitudinal ones. You will also observe that the long 
tudinai lines in our caterpillar have disappeared exactly o 
those segments which have no diagonal ones. This also ofte 
000111*3, and is striking where the lines are conspicuous. ] 
is an advantage, because white lines crossing one another 8 
such an angle would have no relation to anything whic 
occurs in plants, and would make the creature more consp: 
cuoiis. It is beneficial, therefor^, that when the diagons 
lines are developed, the longitudinal ones should disappeai 
There is one other point in connection with these dia 
gonal lines to which I must call your attention. In ou 
species they are white, but in some cases, as for itistancfc 
in the beautiful green cateiqnliars of the privet hawk 
moth, the white streak is accompanied by a coloured one 
in that case purple. At first we might think that thi 
would he a disadvantage, as tending to make the caterpilla 
more conspicuous, and in fact, if we put one in full view, ou 
for instance on a table, the coloured lines are very striking 
But we must remember that the habit of the insect is to si 
on the underside of the leaf, generally near the midrib, ant 
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in the subdued light of such a situation the coloured lines 
beautifully simulate a line of soft shadow, such as must 
al\^aya accompany a strong rib or the edge of a leaf, and I 
need not tell any artists that the shadows of yellowish green 
must be purplish. Moreover, any one who bas ever found 
one of these large caterpillai’s will, I am sure, agree with me 
that it is sui'priaing, when we consider their size and con- 
spicuous colouring, how difficult they ai'e to see. 

The next point is the colour of the mature cater pillai-s. 
"We have seen that some are green and othem brown, and the 
green ones are obviously merely those which have retained 
their original colour. Now for the brown colour. It is 
evident that this makes the caterpillars even more conspicu- 
ous among the green leaves than would otherwise be tbe 
case. Let us see, then, whether the habits of the insects will 
throw any light upon the riddle. "VVhat would you do if 
you were a big caterpillar? Why, like most other defence- 
less creatures, you would feed by night and lie concealed by 
day. So do these caterpillars. When the morning light 
comes they creep down the stem of the foot plant, and lie 
concealed among the thick herbage and dry sticks and leaves 
near tbe ground, and it is obvious that under such circum- 
stances the brown colour really becomes a protection. It 
might, indeed, be said that the cateipillara having become 
brown, concealed themselves on the ground — that, in fact, 
we were revei-sing the state of tbinga But this is not so, 
because while wo may say, ajs a genei*al rule, that with some 
exceptions, due to obvious causes, large cateipillars feed by 
night and lie concealed by day j it is by no means always tbe 
case that they are brown, some of them still retaining the 
gi’een colour. We may then conclude that the habit of con- 
cealing themselves by day comes first, and that the brown 
colour is a later adaptation. It is, moreover, interesting, 
that while the caterpillars which live on plants often go 
down to the ground and turn brown, those which feed on 
trees or large plants remain on the underside of the leaves, 
and retain their green colour. Thus, in Smerinthiis ocella- 
tus^ which feeds on the willow and sallow, S, populi, which 
feeds on the poplar, and S, tilice, which frequents the lime, 
the caterpillai-s all remain green ; while in the Convolvulus 
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hawlcmoth, which freqnents convolvulna, Ch. Tier it, which. 
feeds in this country ou the periwinkle, celerio, Gh, 
elpency}\ and Ofi, procellus, which feed ou galium, most of^the 
caterpillars turn brown. There are, indeed, some caterpillars 
which are brown, and which yet do not go down to the 
ground. These caterpillars, however, place themselves iu 
peculiar attibudee, which, combined with their brown colour, 
make them look almost exactly like bits of stick or dead 
twigs. 

The last of the five points to which X called your atten- 
tion was the eye-spots. In some cases spots may serve for 
concealment, by resembling the marks on dead leaves. In 
Deilfiphila hippopJiacB, which feeds on the hippopham, or sea 
buckthorn, a very grey-green plant, the caterpillar also is a 
very similar grey-green, and has, when full grown, a single 
red spot on each side, which, as Weissraann suggests, at first 
sight much resembles in colour and size the beriies of hip- 
pophase, which, moreover, are present, though not ripe at the 
same period of the year. 

Again, in Choerocampa tersa^ there is an eye*^spot on each 
segment, which mimics the fiower of the plant on which it 
feeds {Spei^rriacoce hyssop) folia). White spots in some cases 
also resemble the spots of light which peuetmte the foliage. 
In otliei* 3 , however, and at any rate in our elephant hawk- 
moth, the eye-spots certainly render the insect more conspi- 
cuous. Now, in some cases, as Wallace has pointed out, 
this is an advantage, rather than a dmwback. Suppose that 
from the nature of its food, or any other cause, as for instance 
from being covered with hail’s, a small green caterpillar were 
very bitter, or in any other way disagreeable oi* dangerous, 
in the number of small green caterpillars which birds 
it would be continually swallowed by mistake. If, on the 
r hand, it had a conspicuous and peculiar colour, its evil 
d would serve to protect it, because the birds would soon 
gnise and avoid it, as Weir and others have proved ex- 
uen tally. We have a stinking case of this, amongst the 

.moths, in DeilephUa euphorbias^ which, feeding on the 
)rbia, with its bitter milky juice, is vety distasteful to 
. and is thus actually protected by its bold and striking 
1*8. The spots on ouf elephant hawkinoth caterpillar 
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do not admit of this explanation, because the insect is quite 
good to eat — I mean for birds. We must therefore, if pos- 
sible, account for them in some other way. There can, how- 
ever, I think, be little doubt that Weissmann is right when 
he suggests that they actually protect the cateipillar by 
fiightening its foes. 

Every one must have observed that these large catei’pillara 
have a sort of uncanny, poisonous appearance, that they 
suggest a small thick snake or other e'vnl being; and the eyes 
do much to increase the deception. Moreover, the segment 
on which the eyes are placed is swollen, and the insect, 
when in danger, has the habit of retracting its head and 
front segments, which gives it an additional reaenoblance to 
some small reptile. That small birds are, as a matter of 
fact, afraid of these caterpillars (which, however, I need not 
say are in reality altogether harmless), Weissmann has proved 
by actual experiment. He put a caterpillar in a tray in which 
he was accustomed to place seed for birds. Soon a little 
flock of sparrows and other small birds assembled to feed aa 
usual. One of them lit on the edge of this tray, and was 
just going to hop in, when she spied the caterpillar. Im- 
mediately she began bobbing her head up and down, but was 
afraid to go nearer. Another joined her, and then another, 
until at last there was a little company of ten or twelve 
birds, all looking on in astonishment, but not one ventured 
into the tray, while one which lit in it unsuspectingly beat 
a hasty retreat, in evident alarm, as soon as she perceived 
the caterpillar. After watching for some time, Weissmann 
removed the caterpillar, when the birds soon attacked the 
seeds. Other caterpillars also, probably, as for instance, 
that of Deilephila niccea^ are protected by their resemblance 
to spotted snakes, which may throw some light on the 
curious fact that the caterpi Hal's of some of the foreign 
hawkmoths have acquired the power of hissing. There are 
many other points connected with the colouring of Sphinx 
caterpillars to which I might refer, if time permitted. I 
will only allude to two. The peculiar hues of the death’s- 
head hawkmoth caterpillar, which feeds on the potato, and 
unites so beautifully the brown of the eai'th, the yellow and 
green of the leaves, and the blue of the flowers, that in spite 
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of its size it can scarcely be perceived unless tbe eye 
focused exactly upon it. The other is the An ary x, ^ 
caterpillars of this genus differ in style of colouring from 
other Sphinx larvae, having longitudinal bands of brown a 
green. Why is this? Their habitat is different. Tt 
feed on the leaves of pinaster, and their peculiar colouri 
offers a general similarity to the brown twigs and narr 
green leaves of a Conifer. There are not many species 
Lepidoptera which feed on the pine, but there are a few, a 
I have here diagi*aras of two, Achatia spreta and Dendrohii 
pinij both of which, as you wiU see, have a very analogc 
style of colouring, while the latter has also tufts of blui 
green hairs, which singularly mimic the leaves of the pii 
I have added also the larvee of a species of sawfly belonging 
the Hymenoptera, and you will see that here also the colouri 
is curiously similar. But, as Weissmann points out, we m 
learn another very interestiug lesson from these caterpilla 
They leave the egg, as we have seen, a plain green, like 
many other caterpillars, and gradually acquire a successi 
of marking, the utility of which I have just attempted 
explain. The young larvae, in fact, represents an old for: 
and the species in the lapse of ages has gone through t 
stages which each individual now passes through in a ft 
weeks. Thus the caterpillar of ChcEfi'ocampa procellus^ t 
small elephant hawkmoth, a species very nearly allied 
ChcEfTocampa elpenor^ passes through almost exactly t' 
same stages as that of Chcerocampa elp&iior ; but it leav 
the egg with a , sub-doi-sal line. No one can doul 
however, that there was a time when the new-born c&M 
pillars of Chcerocampa procdluB were plain green, like tho 
of Ghcerocampa dpmor. In this respect, then, Clic&rocam} 
procellm is a newer specific form than Chcerocampa elpmc 
Again, if we compare the mature caterpillars of Chserocamp 
we shall find that there are some forms, such as Cliaerocami 
viyron and Chcerocampa chcerilioa, which never develop ey 
spots, but correspond to the second stage of ChcBTOcam^ 
elp&nor. Here, then, we seem to have a species still in tl 
stage which Chcerocampa elpenor must have passed throu^ 
long ago. The genus Deilephila, of which we have i 
Eng^nd three species— the euphorbia hawkmoth, the galiu: 

? , 
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hawkmoth, and the rayed hawkmoth — is also very icstructive. 
Th^ catei*pillar of the euphorbia hawkinoth begins life of a 
clear green colour, without a trabe of the subsequent maik- 
ings. After the first moult, however, it has a number of 
black patches, a white line, and a series of white dots, and 
has, therefore, at a bound acquired characters which in 
O/i. elpenor, as we have seen, were only very gradually 
assumed. In the third stage the line has disappeared, 
leaving the white spots. In the fourth, the caterpillars have 
become very variable, but are generally much darker than 
before, and have a number of white dots under the spots. 
In the fifth stage there is a second row of white spots under 
the first. The caterpillars not being good to eat, there is, 
as we have already pointed out, no need for or attempt at 
concealment. Now, if we compare the mature caterpillars 
of other species of the genus, we shall find that they repre- 
sent phases in the development of euphorbia., _D. hippophace, 
for instance, is a plain green, with only a trace of the line, 
and corresponds therefore with a very early stage of D* 
euphorhice. D. Zyogopliylli of South Russia has the line, 
and represents the second stage of Z). mphorhicB. D. Livor- 
nica has the line and row of spots, and represents equally 
the third stage. Lastly, Z). veapertUiOi galii^ have 

progressed further, and lost the longitudinal line, but they 
never acquire the second row of spots which characterises the 
last stage of Z>. mpTiorbice. They teach us, indeed, many 
instructive lessons. It would, in fact, be a great mistake to 
regard them as merely preparatory stages in the development 
of the peifeot insect. They are much more than this, for the 
external circumstances act on the larvse, as well as on the 
perfect insects, and both, therefore, are liable to adaptation. 
In fact, the modifications which insect larvae undergo 
may be divided into two kinds — developmental, or those 
which tend to approximation to the mature form ; and 
adaptational or adaptive, those which tend to suit it to its 
own mode of life. Thus in some cases very similar larvae 
produce very dissimilar perfect insects. In others similar, 
or comparatively similar perfect insects, have very dis- 
similar larvae. Indeed, a classification of insects founded on 
larvae would be quite different from that founded on the 
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perfect insects. The Hymenoptera, for instance, which, so 
far as the perfect insects are concerned, form a very homo- 
geneous group, would be divided into two; or rather, one 
portion of them, namely, that of the sawflies, would be 
united to the butfcerdies and moths. Now, why do the 
larv£B of sawflies differ froni those of the Hymenoptera, and 
resemble those of butterflies and moths f It is because their 
liabits differ from tliose of the Hymenoptera, and they feed 
on leaves like ordinary caterpillars. 

JFrom this point of view, the transformations of the genus 
Sitaris, which have been very carefully investigated by M. 
Fabre, are peculiarly interesting. The genus Sitaris, a small 
beetle allied to Oantharis (the blister fly), and to Meloe 
(the oil beetle), is parasitic on a kind of bee (Antbophora), 
which excavates subterraneoua galleries, each leading to a 
cell The eggs of the Sitaids, which are deposited at the 
entrance of the galleries, are hatched at the end of Septem- 
ber or beginning of October; and M. Fabre, not unnaturally, 
expected that the young larvee, which are active little crea- 
tures, with six serviceable legs, would at once eat their way 
into the cells of the Anthophora. No such thing. Till 
the month of April following they remain without leaving 
their birthplace, and consequently without food ; nor do they 
in this long time change either in form or size. M. Fabre 
ascertained this not only by examining the burrows of the 
Anthophoras, but also by direct observation of some young 
larvm kept in captivity. In April, however, his captives at 
last broke from their long lethai-gy, and hurried anxiously 
about their prison. Naturally inferring that they were in 
search of food, M. Fabre supposed that this would consist 
either of the larvea or pup© of Anthophora, or of the honey 
with which it stores its cells. All three wei© tried without 
success. The fii’st two were neglected, and the larv©, when 
])laced on the latter, either hurried away or perished in 
the attempt, being evidently unable to deal with the sticky 
substance. M. Fabre was in despair. “ Jamais experience,’' 
he says, n’a eprouve pareille deconfiture. Larves, nymphes, 
cellules, miel, je vous ai tous offert, que voulez vous done, 
bestioles maiidites The first ray of light came to him from 
our coimtryman Newport, who ascertained that a small para- 
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site found by L4on Dufour on one of the wild bees, and 
narked by him Ti'iungiilinus, was in fact the larva of Meloe. 
The larvae of Sitaris much resembled Dufour’ s Triungulinus. 
Acting on this hint M, Fabre examined many apecimous of 
the Anthophoras, and found on them at last the larvje of 
his Sitaris. 

The males of Anthophora emerge from the pupae sooner 
than the females j and M. Fabre ascertained that as they 
come out of their galleries the little Sitaris larvse fasten upon 
them, not, however, for long. Instinct teaches them that 
they are not yet in the straight path of development, and 
watching their opportunity, they pass from the male to the 
female. 

Being guided by these indications, M. Fabre examined 
several cells of the Anthopboras. In some the egg of the 
Anthophora floated by itself on the surface of the honey; in 
others, on the egg, as on a raft, sat the still more minute 
larvse of the Sitaris. The mystery was solved. At the 
moment when the egg is laid, the Sitaris larva springs 
upon it. Even while the poor mother is cai'efully fastening 
up her cell, her mortal enemy is beginning to devour her 
offspring, for the egg of the Anthophora serves not only as 
a luft, but as a repast The honey which is enough for 
either would be too little for both, and the Sitaris, therefore, 
at its first meal, relieves itself from its only rival. After 
eight days the egg is consumed, and on the empty shell the 
Sitaris undergoes its first transformation, and makes its 
appearance iu a different form, as shown in Figure 10. 
The honey which was fatal before is now necessary ; the 
activity which was before necessary is now useless ; conse- 
quently, with the change of skin, the active slim lai*va 
changes into a white fleshy gi'ub, so organised as to float 
upon the surface of the honey with the mouth beneath, and 
the spii’acles above the surface. ‘‘ Gr^e a rembonpoint du 
ventre, la larve est ^ I’abri de Tasphyxie,” says M. Fabre. 
In this state it remains until the honey is consumed, then 
the animal contracts and detaches itself from its skin, within 
which the further transformations take place. 

In the second stage, which M. Fabre calls the pseudb 
chiysalis, the larva has a solid corneous envelope, and oval 
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Bliapa, and in its colour, consistency, and immobility 
reminds one of a dipterous pupa. The time passed in thi 
condition varies much. When it has elapsed, the annua 
moults again, changes its form, and assumes that shown ii 
Figure 12. After this it becomes the pupa, Figure 13, with 
out any remarkable peculiarities. Finally, after these won 
derful changes and adventures, in the month of August th( 
perfect Sitaris makes its apj)earance. 

For such an inquiry as this tlie larvos of Lepidoptera art 
perfectly suitable, because they live an e.xposed life ; becaust 
different species, even of the same genus, often feed on dif 
ferent plants, and are therefore exposed to different condl 
tions ; and last, and not least, because we know more aboir 
the larvae of the Lepidoptera than of any other insect. Tht 
larvae of ants all live in the nest. They are fed by the per 
feet ants, and being therefore all subject to very similar con 
ditions, are all very much alike. It would puzzle even c 
good naturalist to determine the species of an ant larva 
while, as we know, the caterpillars of butterflies and motht 
ai^e as easy to distinguish as butterflies and moths, nay, ic 
some cases even more so. 

For this purpose I have tabulated the larvm of the 
British butterflies and of the larger moths, amounting tc. 
about 150 species. 

Out of these 150, nearly forty, or, in round numbors. 
about one-fourth, are decidedly hairy ; twonty-six, or about 
one-sixth, are black, or marked with black ; seventeen, oi 
about one-ninth, are marked with red ; and eight, or about 
one-twentieth, are marked with blue. Of the remainder, the 
great majority are gi-een. Now, of the twenty-six species 
which are black, or more or less marked with black, two are 
nasty, and consequently not oaten by birds ; two live inside 
trees, and are inaccessible to birds. This leaves twenty-two, 
and out of these, no less than twenty are hairy. Of the 
seventeen species more or less marked with red, four are 
nasty ; in five the lines are shadow lines, leaving six, all of 
which are hairy. Of the eight species which are more or 
less marked with blue, one has an unpleasant taste ; two 
feed on plants with blue flowers ; in one the blue mimics an 
eye ; leaving four, all of which are hairy. 
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!N"ow, if we look at the hairy caterpillars, thirty-seven in 
number, we shall dnd that twenty-one are more or less black, 
ele^n brown, and five more or less marked with red or blue, 
or both ; not one of them is of the usual green colour. 

There are, I may say in conclusion, five principal types of 
colouring among caterpillars. Those which live inside wood, 
or leaves, or underground, are generally of an unifonn pale 
hue ; the small leaf-eating catei-pillars are green, like the 
leaves on which they feed. The other three types may, ai 
pa/rva licet componere magnis, be compared with the three 
types of colouring among cats. There are the ground cats, 
such as the lion and puma, which are brownish or sand- 
colour, like the open places they frequent. So, also, cater- 
pillars, which conceal themselves by day at the roots of 
their food-plant, tend, as we have seen, even if originally 
green, to assume. the colour of earth. The slotted or eyed 
cats, such as the leopard, live among trees ; and their pecu- 
liar colouring renders them less conspicuous, by mimicking 
the spots of light which penetrate through foliage. These 
con*espond to such caterpillars as ai*e shown on the diagram. 
Lastly, there are the jungle cats, of which the tiger is the 
typical species, and which have stripes, rendering them very 
difficult to see among the brown grass which they frequent. 
It may, perhaps, be said that this comparison fails, because 
the stripes of tigers are perpendicular, while those of cater- 
pillars are either longitudinal or oblique. This, however, so 
far from constituting a real difference, confirms the explana- 
tion, because in each case the direction of the lines follows 
those of the foliage. The tiger, which walks horizontally 
on the ground, has ti'ans verse bin's ; the caterpillar, which 
clings to the grass in a vertical position, has longitudinal 
lines ; while those which live on large- veined leaves have 
oblique lines, like the oblique ribs of the leaves. Thus, then, 
I think we see reasons for many, at any rate, of those varia- 
tions of colour and markings in caterpillars which at fii’st 
sight seem so fantastic and inexplicable. I should, however, 
produce an impression very different from that which I wish 
to convey, were I to lead you to suppose that all these varie- 
ties have been explained or are understood. Far from it, they 
still offer a large and interesting field for study. Never- 
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theless, I venture to hope the evidence brought before you 
to-day, however imperfectly, is at least sufficient to justify 
the conclusion that there is not a hair or a line, not a'^pob 
or a colour, for which there is not a reason, which has not 
a purpose and a function in the economy of nature* What 
this purpose is, what lesson they teach, I have endeavoured 
in a few cases to indicate. 

There ai*e many practically, indeed endless, other exam- 
ples which I might have brought before you ; but there are 
far more questions which you might ask, and to which no 
one as yet could, I think, give a satisfactory reply. What, 
for instance, has regulated the sizes and forms, shades and 
colours, of the leaves of the beech, oak, and other trecT', 
Why has the holly glossy leaves ] What benefit does th<t 7 
fern derive from its honey glands 1 The researches of thos^ 
eminent natumlists to whom I have referred — of Sprengt*i 
and Del pin o, Hermann Muller, Weissmann, and, above all, 
of our illnstrious countryman, Mr. Darwin, are of^great 
intei'est from the questions they have solved, but perhaps pf 
even gi’eater importance from the lines of thought whicli 
they have opened up, and the new problems they have 
suggested. 

On the motion of Sir James Lumsden a cordial vote of 
thanks was awarded to Sir John Lubbock, and the proceed- 
ings concluded with a similar compliment being paid to the 
Chairman. 



STEUCTURE AND DEVELOPMENT 
OF THE BRAIN* 


When I was invited to deliver a lecture under the auspices 
of this Association, it occurred to me that there was no 
topic taken from the science of Amatomy more likely to 
interest the audience than an account of the progress recently 
made in the investigation of the structure and development 
of the brain — as the organ in which all those vital processes 
are carried on by which we are brought into relation with the 
world around us — ^the centre to which all impressions from 
without are conveyed so as to give rise to our feelings or 
sensations — the som’ce of origin of the impulses which cause 
our various active movements — and the seat during life of 
our intelligence or mind, that is, of our consciousness and 
memory, our feelings, emotions and passions, our will, our 
thoughts, judgment and reasoning power. 

In adopting the title of ‘^Evolution of the Brain,*^ it 
appeared to me that I could best lay before you the gi’ound- 
work upon which our views as to the relation of the struc- 
ture and functions of the organ must mainly rest, by calling 
your attention to the principal facts which have been ascer- 
tained in the following divisions of our subject: — 

L The origin, early fonnation, and development of the 
bmin in the embryo. 

* This Lecture, when delivered, was illustrated very fully by nume- 
rous large diagrams, drawings, and specimens ; but as it has been 
found impossible satisfactorily to reproduce these m figures within 
reasonable limits in this publication, it has been deemed expedient 
to omit them entirely, trusting that the statement in the text may 
be sufficient to indicate the Lecturer’s moaning. The reader is re- 
minded that the Lecture was delivered so long ago as in February 
1877. 
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2, The differences in its form, size, and stmctnre a 
animals. 

3, A comparison of the brain of man with that o: 
animals most nearly resembling him, such as the anth 
morphous apes; with some remarks on the varieties of 
and size observed in the brain among different indivi' 
and races of man. 

4, and lastly. An attempt to form a scheme or pi; 
what may be called the architecture and mechanism o: 
brain, or, in other words, to trace the relation and coi 
tion of its various parts, not merely by the study of 
arrangement of the larger and more obvious masses, but 
by tbe microscopical investigation of its minute struc 
which makes us acquainted with the organised nature o' 
texture and the properties of the materials employed i 
construction. 

Such a view of the structure or anatomy of the I 
wo^d naturally be accompanied or followed by. an acc 
of its functions, but, as may be readily understood, so e? 
sive and interesting a series of topics could not with ad 
tage be discussed in the present lecture, which I shall re 
the less, that T believe my colleague Dr. M'^Kendriok 
more ably undertake this difficult task in the next wi 
course. At present therefore I shall not attempt to do i 
than to show the bearing which ascertained fficts in 
anatomy have upon the knowledge and investigation of 
functions. Before proceeding with the special subjects i 
Gated, let me ffi'st give you a very shoiii general accour 
the brain of man. 

This organ, filling, along with its covering membranes 
blood-vessels, completely the cranial cavity of the head < 
smts of a laxge mass of soft and extremely delicate ani 
tissue, which, from its being of a similar nature with i 
composing the nerves, is named the nervous tissue 
texture. 

_ The size of the hi^an brain is subject to gi’eat va 
tion. By the comparison of a very large number of bVa 
it has been found that the average weight of the bi 
la a grown man of this country is about 3 lbs. avomlup 
or more precisely 49^ oz.; its bulk is from 80 to 85 cv 
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ncliesj and the si^e does not differ widely from this among 
he principal European nations. 

Much the larger portion of this mass forms the greater 
rain or cerebrum of anatomists^ which you will remark, 
?om the model I show you, is so lai'ge, when viewed from 
bove, as completely to cover all the other parts. Below the 
inder part of this comes the cerebellum or smaller brain, 
)rming little more than a tenth of the whole, while below 
3is and towards the middle are cei’toin parts of smaller 
Imensions which connect together the cerebrum and cere- 
311 um, and unite both of them to the spinal marrow. These 
irts are named the cerebral peduncles or pillars, the bridge 
‘ Yarole, and the oblong medulla. The last-named part, or 
eduUa oblongata, passes insensibly at the junction of the 
3ad and neck into the spinal marrow, a long somewhat 
lindrical column, which is in its structure of the same 
neral nature as the brain. 

li'om both of these pai’ts (as will be seen from the draw- 
gs exhibited) there arises a series of nerves in pairs, which 
ss to be distributed by subdivision, or rather separation, 
their fibres, in almost all the organs of the body ; and thus 
appears that by their anatomical or structural relation, as 
»11 as by their functional association afterwards to be 
verted to, the brain and spinal marrow constitute together 
3 great centre of the nervous system, or cerebro-spinal 
wous centre. 

The arrangement now mentioned belongs to man in common 
bh all vertebmted animals, and may be regarded in some 
asure as the basis of the form of the skeleton in verte- 
^tes, and of the morphological character which peiwades 
' organization of all the classes in that division of the 
mal kingdom. 

n this organization you will observe that two remarkable 
burea present themselves : 1st, the successive repetition of 
ts essentially similar in a linear series along and round 
3ntral axis; and 2nd, the precise similarity of the parts on 
h side (that is right and left) of a middle line or plane, 
tie there is not the same correspondence between those situ- 
1 before and behind. Longitudinal serial repetition and 
teral symmetry are therefore anatomical characteristics 
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of the main parts of the nervous system in yertehrate animals, 
and yon will see from the figures with what remarkable'* 
regularity these characters are maintained both in the centjfal 
masses and in the distributed nerves. 

Of the regular nerves now referred to, there are twelve 
pairs connected with the brain, and thirty-one pairs with 
the spinal marrow. 

By physiological investigation, it is known that the pro- 
perties of the fibres within the nerves are of two different 
Idnds, viz., sensory and motory, or such that when a nerve 
is stimulated certain fibres ti'ansmit changes in one direc- 
tion, say from without inwards, while other fibres are con- 
nected with the manifestation of vital phenomena in the 
opposite direction, or from within outwards. 

In all the spinal nerves, and in a few of those proceeding 
from the brain, the fibres of both endowments are enclosed 
in the same nervous tnmk and branches, but in other 
cerebral nerves all the fibres within one nerve are of the 
same kind of endo^vruent, that is, either entirely sensory or 
entirely motory. But in the case of all the spinal nerves, 
these two sets of fibres, though mixed together in the main 
nerves, are completely separated at their roots a short distance 
"before these enter the spinal marrow, and thus we have the 
opportunity, by operating upon the roots, of distinguishing 
their different properties. "We owe to Sir Charles Bell the 
£rst experiment which clearly pointed out a difference of func- 
tion between them, now well laiown as the afferent or sensory 
function of the hinder roots, and the efferent or motory func- 
tion of the anterior roots — a fact which forms the basis of 
all modem researches concerning the nervous functions. 

These nerve roots, both cerebral and spinal, penetrate 
separately for a certain depth into the central organs, and 
there pass into some intimate organic union and communica- 
tion yrith their substance, and this we name the real or deep 
origin of the several nerves. 

The peripheral nerves are composed of very numerous 
fibres bound together in a common sheath, but yet so arranged 
that each fi.bre runs its course from end to end almost witliout 
division, and entirely without union or direct communication 
■with those lying beside it. 
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^ Although neryoiiB and ekctrical action are probably very 
different, yet the individual fibres of the nerves may not be 
inaptly compared to the copper conducting wires of an electric 
or galvanic battery, and especially to such as are insulated 
by a coveriug of gutta percha, for it appears that a certain 
finer inner filament, or a bundle of such fine filaments, is the 
more im m ediate seat of nervous action or transmission of 
nervous influence, while these filaments ai'e surrounded 
individually or in bundles by materials of a fatty and mem- 
braneous nature, which take no part in the nervous actioru 

In the brain and spinal marrow on the other hand, as also 
in the so-called ganglia or nerve-knots, which are in some 
measure centi’al nerve organs, the nervous texture occurs in 
two very distinct forms. One of these is of a whitish and 
fibrous nature, and indeed very similar to that just now 
described as belonging to the peripheral nerves; the other is 
composed of minute corpuscles of peculiar structure, similar 
to the microscopic bodies now recognised by anatomists as 
organised cells; and it is probable that these two kinds of 
nerve texture are everywhere in dii’ect union or communica- 
tion with each other in the central organs of ‘ the nervous 
system. 

The fibrous component of the central organs is generally 
held to perform the same office in them as in the periphery 
nerves, that is, one of transmission of nervous action from 
one part to another; but the corpuscular or cellular elements 
have probably other functions which may be considered 
to belong specially to central organs, those namely of estab- 
lishing communication between nerves of different endow- 
ments, of transferring in this way nervous action from one 
nerve to another, and even it may be of originating influences 
which excite or otherwise act upon the nerves which are in 
connection with them. 

From this it appears that the corpuscular’ or cellular ner- 
vous element is to be looked upon as the peculiarly central one, 
even although the fibrous transmitting or intemuncial nerve 
substance also enters into the composition of a central 
organ. 

With reference to these two components of the nervous 
substance in the brain and spinal marrow, it only farther 
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remaias to be stated that, though often much mixed up* 
together, they are generally to be distinguished by a differ- 
ence of colour, the part in which the fibrous struct^Tre 
prevails being of a brilliant creamy whitis.h colour, and 
receiving the name of medullary or white, that in which the 
cells abound being of a reddish grey colour, and usually 
called the grey or cineritious matter. In the brain of man 
and the higher animals, there are three situations in which 
the grey or corpuscular elements are accumulated in greatest 
quantity, viz. : Ist, at the places of origin of the roots of the 
several cerebral nerves; 2nd, in certain large and distipot 
masses placed in the deeper region or near the base of the 
brain, , forming what have been called the basal cerebral 
ganglia, of which the corpora striata, the thalami optici, and 
the corpora quadrigemina are the principal; and 3rd, in a 
layer occupying the surface of the cerebrum and cerebeUuin, 
where from its being throwu into a plaited or frilled form, in 
what are termed the convolutions of the cerebrum and the 
laminae of the cerebellum, a much larger quantity of the grey 
substance exists than if it had been a simple or plane bound- 
ing layer. 

I need scarcely say that the brain of man, as I have now 
briefly described it, is a very different organ from that of a 
fish or a reptile, or even from that of bii’ds and many quad- 
rupeds, as a glance at the series of drawings representing 
the braiua of some of these animals will at once convince 
you. But in now proceeding with the discussion of the 
topics which are to form the special subjects of my lec- 
ture, it will be my object to show you that, notwith- 
standing the wide differences which are apparent in the 
form and structure of this organ in man and the various 
vertebrated animals, there undoubtedly exists a general plan 
of remarkable uniformity upon which it is constructed in 
them alL 

L We shall first consider the process by which the brain 
originates in the embryo, and the changes of evolution or 
development by which it attains to its perfect condition. 

Like all the other organs of the body, the brain takes its 
origin hx the germinal part of the egg by a gi'adual process 
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of transfonnation of the organised elementary particles or 
« cells composing the germ, and is gradually built up and 
moulded into shape by the multiplication of these formative 
o^s, their individual differentiation and their arrangement 
or grouping in new combinations. There is nothing at first, 
then, in the form or structure of the egg or its germ, which 
has any semblance of the future brain or other organs. 
They are entirely of new formation, and the process by 
which they come into first existence, and gradually attain 
their complete foim and structure, is not by any means, as 
was once supposed, one of mere unfolding and coming into 
sight of parts previously existing, though too small or 
obscure to be perceptible, but one of entirely new combina- 
tions of the organic elements. The brain therefore presents 
at its origin a totally different form from that which belongs 
to its complete state, and goes through a number of trans- 
formations, both morphologicEil and textural, in the passage 
from its simplest primitive condition to the adult form and 
structure. 

It may not be out of place to dwell here for a short time 
on the nature and source of the formative substance from 
which the primitive parts of the embryo take their origin. 
The formative part of the egg, which is the source of all new 
pi'oduction, consists of a flat expansion or layer of proto- 
plasmic cells, called the blastoderm or germinal membrane, and 
this membrane has itself atisen by a very I'emarkable process 
of self-division and consequent multiplication occurring in 
the protoifiasmic cells, of which it is made up; so that, if 
we trace back the steps of this process, we shall he con- 
ducted at last to a single germinal cell, from which the 
numerous progeny of blastodermic cells has been derived. 

It is now known that this descent of the formative cells 
of the blastoderm from the original germ-cell, by a process 
of cleavage or multiplication, is a universal phenomenon in 
the first production of animals ; and as all the organs of the 
new animal are formed from the blastodermic cells, it follows 
that they are all derived from the original single microscopic 
germ-cell. The brain,, then, with all its complicated con- 
struction and delicate and intricate minute texture, and all 
its wonderful functional activity in connection with feeling;^ 
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action, and tlionglit, has originally sprang from a part of ' 
cell-progeny of the original germ-cell of the egg, and all ‘ 
qualities, powers, and properties, which this organ posses 
hy hereditary transmission, must have entered it by mej 
of the extremely minute particle constituting the first goi 
ceU of the egg. 

I can believe that some will be disposed to ask here, t 
is it possible to observe such things ? for I have stated o: 
that which is matter of observation; and as I cannot stoj: 
explain everything, I will only say in a word that it 
mainly by the investigation of the changes during incubat 
of the egg of the common fowl or other birds, that ■ 
observation of the origin of the first traces of embry'c 
formation has been made, but that supplemental obsoi 
tions, both in quadrupeds and in many of the lower anim' 
leave no doubt whatever that tbe main steps in the pro< 
axe similar throughout all the classes of the vertebrate d, 
sion of animals, and that there is even sufdcient evide 
before us to prove that the process is essentially the sanac 
the human species. : 

And now, returning to the snhject with which we 
more immediately occupied — as I must not attempt to desci 
the whole process of cerebral development — I will endeav 
to select some of the more prominent facts, and will trus i 
your gatheiing more of the details from an inspection of 
illustrations which are before you. 

In the first place, when the embryo chick, or rathei' , 
thickened plate of formative tissue of the blastoderm wh 
represents its earliest trace, is about a tenth of an inot 
length, and in the courae of the first day of incubation, tl 
is gradually formed, along with a median longitudinal tKi 
ening of the plate, a median linear depression or gi’ 0 < 
ru nni ng through the greater part of the plate. The i 
walls of this groove now thicken more and more, £ind 1: 
rise upwards from the plane surface ; and, somewhat la 
the two ridges thus formed coming to arch over the gro< 
approach each other and finally coalesce at their marg 
first towards the middle and later all along, so as to ene' 
a canal, constituting the walls of the simple oerebro^sp: 
cavity, and the rudiments of the brain and spinal mai'J 
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contained witliin them ; and we very soon perceive a widen- 
ing of this canal at the end which is afterwards found to he 
occupied by the brain. 

Now it is important to note that it is solely the upper- 
most of the layers of the blastoderm which is at first con- 
cerned in thus laying the foundation of the great nervous 
centres ; and further, that as the rest of this upper layer, 
extending outwards from the seat of the primitive groove 
and canal now desciibed, is entirely devoted to the formation 
of the epidermis or cuticular covering of the embryo, there 
is actual original continuity of formative tissue between the 
cuticle and the great nervous centre. In fact, we can see 
the commencement of thickening, by cell multiplication, in 
the deeper part of the layer, preparatory to the formation of 
the cerebral and spinal rudimente, before the canal contain- 
ing them is shut in, and this deeper layer has therefore been 
di^inguiahed from the superficial or corneous by the name 
of nervous layer. 

Simultaneously with the deposit and enclosure of the first 
rudiments of the great nervous centres, another important 
phenomenon of vertebral development demands our atten- 
tion, vrz.^ the appearance along the sides of the cerebro-spinal 
can^, and in the thickness of the ridges which have enclosed 
it, of a series of transverse stinngly marked divisions, hegin- 
-ning with only one or two, in what corresponds to the region 
of the neck, but speedily increasing in number in a direction 
. backwards or towards the tmnk and tail end of the embryo. 
This cross cleavage of the primitive embryo, which does not 
at first affect the cephalic portion, hut belongs only to the 
trunk of the body, is the indication or the precursor of that 
serial division or metameral repetition of parts, which is 
ever afterwards characteristic of the vertehrated foim of the 
animal. It is not, however, exactly a division into the future 
vertebral pieces of the skeleton, but rather the forecast of a 
transverse division into segments, each of which comprises 
the elements of formation of the pairs of spinal nerves, the 
hones and muscles, and other parts belonging to each zone of 
the body. These divisions have therefore the morphological 
nature of segments of the trunk of the body. 

A third phenomenon may also he stated as closely related 
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to tlie formation of the first I'udiments of tlie vertcl)mto 
embryo, in the appearance of a median cellular column below^ 
the greater part of the cerebro-spinal canal, and in the plJoe 
afterwards occupied by the bodies of the vertebrae. This is 
the chorda dorsalis or notochord, an elementary and probably 
only a timisitory cellular sti’ucttire, round which the carti- 
laginous and bony substance of the voi'tebral bodies is after- 
wards deposited, and of some significance in the history of 
morj)hology and dovelopment, from its constancy and its 
intimate relation to the rest of the vertebrate structure. 

The embryonic rudiment therefore 23resents, from its 
earliest a23pearance, featmes which aro manifestly charac- 
teristic of the vertebrate organization; and these are, as it 
were, moulded round the great nervous centre, having tis its 
earliest form that of an elongated tube of formative tissue 
dilated at its cephalic or cerebral end, and cylindrical 
throughout its spinal or trimk poiiiion. This neural axis or 
centre arises by involution of a part of the upper or outer 
layer of the blastoderm, and is placed immediately abovo 
that primitive axial column, the notochord, which occn23ios 
the centre of the futime Spinal column of the skeleton. 

Confining our attention now to the ce 2 >halic or cerebral 
portion of the neiwous centre, one of the first important 
changes which occura in its early development consists in un 
alteration of its sim23le p 3 niform sha 2 )o into thiit of threat 
vesicular dilatations, with intervening constriciicjns in the 
wall of the 23rimitive braui. TJjcao three dilatati(3ns have 
been named the first, second,' and tliird 2 U*inimy 
vesicles, and we shall now advei’t to the mamuu* in wLicli 
they give rise to the typical constituent 2 )arts of the brain. 

Of the three vesicular dilations now mentioned, tlio second 
or middle one remains comparatively unchanged, ami may 
even be traced to a pci'sistont ])avt of tho adult ]3raiu. It 
forms the mid-bram or mesencephalon, and corros23onds most 
nearly with that j^art of the adhlt l)raiu wliicli receives tho 
name of the fourfold bodies, or corjiom ( 2 uiulrigcmina. 

A pail; of tlie fii’st and third vesicles may also bo traced 
as persistent, the first in what is Ciilled tlie <>23 tie beds or 
thalami, and the thii’d in the medulla oblongata whhdi joins 
the spinal marx'ow; but both aro gi’eatly modified by the 
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development of otter parts in connection with. them. Eor, 
in the first place, on either side of the anterior primary 
cefebral vesicle, there takes place a wide projection or dila- 
tation of its wall, accompanied by a corresponding modifica- 
tion of the outer wall of the head, which is connected with, 
the formation of the first rudiment of the nervous part of 
the eyes or retina j and, in the next place, there are formed, 
by ejrtension forwards from the same anterior primary vesicle, 
two additional vesicles which become afterwards the cerebral 
hemispheres. 

In connection vdth the third primary vesicle again, the 
first rudiment of the cerebellum makes its appearance by an 
arched thickening of the medullary wall, which stretches 
across the upper part of the vesicle immediately behind the 
middle one. 

Thus the tripartite form of the primary brain is rapidly 
modified into one in which five parts are distinguisli- 
able in a series from before backwards, and as these parts 
exist in the brains of all vertebrate animals, and consti- 
tute the principal basis of formation of the permanent brain 
structures, they are regarded as typical, and may be enu- 
merated under the following designations, viz.: — 

1. The anterior vesicles becoming double at an early period, 
developed by extension from the first primary vesicle, and 
named Foreirain or Frosmcephalon. 

2. The part of the first primary vesicle which remains as 
optic thalami, and which may be called the . /tiier-Jram or 
Diencephahnj or the Tlhalarneniceplialon, 

3. The second primary vesicle holding a middle place, and 
therefore named Midrbrain or MeBmcepluilon. 

4. The cerebellum developed behind in connection with 
the third vesicle, and thus receiving the name of Hhid-hrain 
or FpencepliodorL 

5. The remaining part of the third primary vesicle which 
persists as medulla oblongata, and being lowest of all, is 
called Aft&r-brain or Metenceplicdm. 

Had our time permitted it, I would gladly have explained 
to you in detail the steps by which, out of these five funda- 
mental divisions, the various parts of the brains of different 
vertebral fl-ni-malfl come to be formed; but as this cannot be 
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done, I must content myself with a reference to some of the 
more important of the phenomena, keeping strictly in view 
the relations of the five fundamental parts already mentioned, 
but adveiting more particularly to the cei’ebrum and cere- 
bellum which attain very large propoitions in man and the 
higher animals. In doing so it will be expedient, for the 
sake of greater simplicity, to state the developmental changes 
tmder the several heads of the modification, in form, size, 
and position in each of the parts, caused, 1st by the accumu- 
lation in certain parts of large quantities of nevr substance; 
2nd, by the contraction, expansion, or other changes of the 
internal cavities ; and 3rd, by textural alteration or differen- 
tiation. The two first series of changes may, in a great 
measure, be considered together; and it may be well, there- 
fore, to say a few words here of the nature of the internal 
cavities of the brain, or so-called ventricles which have not 
been previously mentioned. 

It has already been stated that, in the first form presented 
by the cerebro-spinal centre, there is a general internal cavity 
enclosed by the wall of primitive nerve substance of which it 
is foimed, and we shall, find that the permanent ventricles or 
internal cavities of the brain are only the persistent, though 
greatly altered, conditions of certain parts of the oiiginal 
simple tubular cavity. 

Within the whole of the spinal pait of the cerebro-spinal 
nervous centime, the canal comes to be reduced in the progress 
of development to almost microscopic size by the gradual en- 
croachment of the solid substance of the spinal marrow which 
completely surrounds it; but in the cephalic portion of the 
primitive nervous tube much greater variety of changes 
occurs. Thus, to begin with the part next the spinal marrow 
in the region of the medulla oblongata and cerebellum, a 
transverse widening of the intemal cavity in a flattened 
rhomboidal form, gives rise to what is called the fourth ven- 
tricle. In the mid-brain, again, the size of the cavity is 
suddenly reduced by -the increased solidity of the surround- 
ing substance to the condition of a narrow passage, which is 
prolonged forwards till it reaches the region of the thalami 
optici, thus forming the aqueduct of Sylvius of anatomists. 
Within the thalamencephalon the internal cavity is again 
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dilated and deepened, and forms the third ventriole in the 
site of the first primary vesicle, which was originally the 
foremost part of the embryonic brain. But the two cerebral 
hemispheres, it has already been stated, are developed by an 
expansion forward of the wall of this first primary ventricle; 
and as this expansion becomes double, and each hemisphere 
comes to he occupied by a prolongation or extension of the 
general ventricular cavity of the primitive brain, the two 
cavities thus formed constitute the so-called lateral ventricles 
of the brain, and their common communication with the 
third ventricle is the aperture called foramen of Monro. This 
is an interesting fact in connection ydth the morbid dilatation 
of the ventrioiar cavities which occurs in the disease of 
water in the head or hydrocephalus, which sometimes takes 
place to such an extent as to expand the whole brain into an 
enormous bladder, with comparatively thin walls of brain 
substance. 

From what I have previously said, it must have been seen 
that the substance forming the wall of the primitive vesi- 
cular brain is nearly of equal thickness throughout ; but in 
the course of development there soon takes place a great 
change in this respect. Some parts of the wall, especially on 
its upper side, becoming relatively thinner, so that the 
nervous substance is even entirely lost, or, as it were, worn 
through, and the internal cavity opened up as far as the 
covering membranes; while other parts of the wall, especi- 
■ ally in the lower and lateral regions, undergo a great pro- 
portional thickening by the growth of their material, and 
thus not only are certain of the fundamental vesicles ex- 
panded in their dimensions, but new* parts are also added in 
connection with them. 

It is also necessary to advert here to another kind of 
change which accompanies, and we might almost say deter- 
mines, the mode of development of the head and brain — 
mean the adhesion of the brain at certain places to the in- 
terior of the cranial cavity, which, when elongation of the 
whole and different relative expansion of some of the parts 
take place, is the cause of peculiar inflections both of the 
brain itself and of the cranial waJL 

The most remarkable change of this kind occurs at a 
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place is immediately below wbat is originally the 

foremost part of the primitive brain, in a narrow prolonga- 
tion downwards of the fiint primary vesicle, termed the in- 
fundibulum, where the brain is, as it were, pinned down to 
that part of the cranium which is afterwards occupied by 
the pituitary gland in the so •'Called “ Turkish saddle/’ 
hTow, the infundibulum of the brain is in all animals united 
with the pituitary gland at this place, and the union so 
effected seems to exercise some important influence on the 
whole form and development of the head ; for while the ex- 
panding hemispheres of the brain become subsequently pro- 
jected forward with the forehead, and upward and backward 
with the vault of the cranium, the original first vesicle or 
thalamencephalon remains adherent to the base of the skull, 
and thus is caused a bending of the whole skull round this 
point, which determines much of the later position and 
direction of the surrounding parts both of the cranium and 
face. 

In endeavouring to trace further, in the briefest possible 
manner, the successive steps by which the fundament^ parts 
of the brain ai'e developed into those of the fully-formed 
organ, let us begin from behind, and take first those which 
preserve most nearly their earlier or embryonic form and 
relations. 

1. In the part of the fifth fundamental vesicle which 
becomes the medulla oblongata, we observe at a compara- 
tively eaiiy period of foetal life a great difference in the. 
growth, of nervous substance in the upper and lower part; and 
in the fonner, as already noticed in connection with the 
fourth ventricle, so complete an atroj^hy, or want of new 
deposit, that the wall gradually thins away and disappears as 
far as the coveiing membranes, so as to open up the cavity 
of the fourth ventricle in that direction. 

In the lower and lateral parts, on the conti'ary, a rapid 
and great increase of the solid nervous substance takes place, 
which leads to the formation of the constituent strands of 
white substance with their accompanying contained nodules 
of grey matter, such as the anterior pyramids, the olivary, 
and the restiform bodies, with the posterior pyramids. 

^ 2, The vesicle, which we have termed mid-brain in the 
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mbryo, retains for a considerable time the most prominent 
lace among the five fundamental encephalic divisions, and 
L‘otn its superior size, as well as the upward bending of the 
ead, gives rise to a strongly marked projection of the part 
f the head which it occupies. It is at first siugle, and is 
ccupied internally by a portion of the general ventidcular 
ivity j but in the course of the middle tldrd of the period 
f development it undergoes a great change of relation by the 
iperior relative development of other parts, and is itself 
reatly altered by intemal processes of growth. Thus it 
ecomes divided first into two by a median depression on its 
pper surface — constituting the cdi'pora bigeinina of a certain 
Btal stage and of animals up to the class of birds inclu- 
Lve — and by a subsequent tr^sverse groove is again sub- 
ivided, so as to^ show superiorly the fourfold character 
rhich has given to these bodies, in man and quadrupeds, the 
ame of corpora, quadrigemina. 

By the great increase of deposit of the nerve substance, 
oth white and grey, in these bodies and below them, the 
entricular cavity (as previously stated) is gradually more 
nd more contracted till it is reduced to the narrow tubular 
jrm of the aqueduct of Sylvius. 

Tn the base of this fundamental part of the brain, 
here are foimd on either side the large' masses of white or 
brous nerve substance, termed crura cerebri or cerebral 
eduncles, which form a priucipal means of union between 
he medulla oblongata below and the cerebral hemispheres 
bove. 

3. in connection with the thalamencephalon, or that part 
f the primitive brain which was originally placed farthest 
rrward, the cerebi’al hemispheres arise at an early period by 
n extensron forward and upward of the wall of the fir’st 
rimary encephalic vesicle, in a manner afterwards to be 
pecially referred to. At present we have to do only with 
he lower and back part of this vesicle which rema^ as the 
ater-br^in or thalamencephalon, ia which several important 
hangea deserwe our attention. 

a. First of all, the largely increased deposit of solid 
Lervous subsl^nce in the lower and lateral parts of this 
ivision of the primitive brain, on each side of the ventricu' 
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Ifir cavity, forms the fonndation of one pair of the great cere- 
bral ganglia — riz,, the thalami optici, with which the original 
pedicles of the optic nerves are connected, and these are 
separated by the cavity of the thii’d ventricle, except at the 
place where they are brought into union by the grey 
commissure. 

h. The prolongation downwards of the thin cerebral wall, 
with the cavity of the third ventricle within, in the shape of 
a funnel, the infundibulum, and the union of this, already 
referred to, with the pituitary body or hypophysis cerebri j 
and 

c. The opening up, so far as the nervous wall is concomed, 
of the ventricular cavity in its upper and anterior part by a 
tbinniug process, nearly of the same nature as that previously 
mentioned for the fourth ventricle, and the development in 
the hinder part of the upper wall of that I'emarkable a 2 )pend- 
age to this part of the brain, the pineal gland, the Epiphysis 
cerebri, held by Descai’tes, on purely hypothetical grounds, 
to be the seat of the thinking principle. The remarkable 
constancy of the two bodies now mentioned (pituitary body 
and pineal gland), and the imiformity in their respective 
’structure and mode of origin in all animals, from man dowix 
to fishes, constitute a set of important anatomical facts 
which are of doubtful interpretation, and require further 
elucidation from the history of development. 

4. The cerebellum, or bind brain, which forms tlie fourtli 
division of the primitive brain, as enumerated from the 
front, begins in the forepart of the third primary enco 2 )halic 
vesicle, by the growth of a bridge of nervous matl;er over 
the remainder of the vesicle, which, as already oxidainod, 
forms the medulla oblongata and fourth ventricle. The 
cerebellum is at first a single and median lappet, but, its 
lateral parts afterwards meveaaing, it comes to consist, in 
more advanced stages of development, of median and lateral 
lobes. As these last increase a lowor bridge of nervous 
matter crosses the base, of the brain between them, and 
unites them, by a sort of commissure. This is the pons 
Tai’olii, or rnesocephalon, or* nodus cerebri of anatomists. 

The later development of the cerebellum is attended with 
the formation of deep furrows in its surface, dividing it into 
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plates, and tlie distinction of the white ^bstance within, 
and the peculiar grey or cellular layer externally, the dispo- 
sition of which oTGr the subdivided laminsB of the white 
gives, in a vertical section, that remarkable appearance 
■which has received the name of arbor vitse. 

5. Lastly, the cerebral hemispheres appear to be double 
from a very early period ; bnt they are probably not so from 
the very firat, for they owe their origin to the extension of a 
single median part of the wall of the first primary encephalic 
vesicle together with its ventriculfir cavity. In fact, the 
fore and upper part of this vesicle becomes separated from 
the rest by a cleft or fissure, which, proceeding from behind 
foi'wards at each side, cuts ofi*, as it were, the strictly cerebral 
part in front and above from the thalamencephal al part which 
remains below and behind. 

The extension of the ventricular cavity takes place at 
what afterwards becomes the foramen of Monro, and is at 
first only single and median ; but as the mass of the cerebral 
hemispheres rapidly expands outwards and upwards, and 
comes to be divided into two lateral masses by a partition 
passing from before backwards, the right and left hemisphere 
vesicles become distinct, and the ventricular cavity, expand- 
ing along with each, comes to form the right and left lateral 
ventricles, communicating with the third or median ventricle 
by the single and now reduced foramen of Monro. 

In connection with the development of this, which becomes 
much the largest part of the human brain, the following cir^ 
cumstances are to be noted;-— 1st, The formation of the 
anterior and largest basal encephalic ganglia, composed 
mainly of grey substance, viz., the corpora striata, by a 
rapid growth of the solid nervous substance in the lower 
and lateral parts of the commencing hemispheres. These 
bodies lie chiefly below the expanding lateral ventricles, but 
to the sides and above, like the thalami, they are in connec- 
tion with the substance of the cerebral hemispheres by a radi- 
ated. or fan-shaped expansion of the white nervous tissue, 
termed corona radiata. These ganglia, like the thalami, are 
united below, through the crura cerebri, with the hinder parts 
of the brain. 2nd, A rapid increase of the upper and super- 
ficial port of the two hemispheres now takes place^ by which 
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theii' relatiou to the other parts of the braia comes soon to 
be greatly changed; for by growing forwai-d they project 
inor(3 and more beyond the region of the fii’st primary vesiale, 
which, it will be remembered, never advances farther for- 
ward than the pituitary fossa (lamina terminalis) ; while, in 
expanding upwards, they take the place previously occupied 
by tlio mid'briuu, and lill the most prominent part of the 
bead; and by a downward and lateml enlargement they 
form tile temporal lobes. Thus frontal, parietal, and tem- 
poral lobos come to be distinguishable, and somewhat later, 
by a farther increase posteriorly, the hindmost parts of the 
cerebral hemispheres constituting the occipital lobes are 
formed, and the cerebrum at last covers over completely all 
the lower parts of the brain. Thus the cerebral hemispheres, 
whicli, in the early embryo of all Vertebrates tempoinirily, and 
in adult iishes poimianently, ai'e comparatively small and 
J>laccd foi’eniost in the linear series of vesicles constituting 
the fundamental brain, come in man and higher animals to 
surpass all the other parts in magnitude, and not only to 
project far before and above them all, but to, cover them in 
completely, so as to hide them from above. 

Two sets of comiecting bauds, between remote parts of the 
cerebral hemispheres, require to be noticed : one of these, 
1‘unning from before backwax'ds, connects the lower and 
niitorior parts of the cerebrum with the hinder and lateral 
parts, in the sha})o of two jjillars of white nervous substance, 
termed the fornix. I’lio other is transvoi’se between the adja- 
cent parts of the cerebral hemispheres, and forms what is called 
the great commissure, or corpus callosum. This consists of 
■white or librous substance in a large mass, which begins to 
bo formed in front, and as the hemispheres grow gindually, 
.extends backwards, so as to unite their inner suifaces, to the 
extent in the adult of between three and four inches. The 
fibres of this commissure, which cover in the latei'al ven- 
tricles, spread themselves in each hemisphere to every pait 
pf their wide surface. 

Lastly, the oxpimsion of the cerebral hemispheres is 
attended with the increase of the superiicial layer of gi'cy 
substance, and along with that the division of the upper or 
(expanded pai'fc, terpied the mantle, into lobes and convolutions* 
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Tlie upper wall of the vesicular hemisplieres is at first 
quite smootli. The first appearance of division into lobes 
is«tbat of a blunt notch between the frontal and temporal 
parts below, in what afterwards becomes the Sylvian fissure. 
In the fom’tk and fifth months there appear the vertical 
fissure separating the parietal and occipiM lobes, and the 
transverse fissure named after Eolando, which divides the 
frontal and parietal lobes superiorly, and which is peculiarly 
characteristic of the cerebri type of man ^d the Simiae. 
Another of the earliest furrows appearing in the foetal brain, 
is that termed hippocampal, corresponding, on the internal 
surface of the hemisphere, with the peculiar projection of 
substance in the ventricle termed hippocampus major'.- 

Thus the great lobes of the cerebral hemispheres, named 
frontal, parietal, occipital, temporal, and central (island of 
Eed), are marked off from one another, and by the succes- 
sive formation of other grooves and the corresponding 
gi’owth of the cerebral substance between, there gradually 
follows the formation of the various convolutions, which 
attain their highest development in the adult human brain ; 
such as the great convolution over the coiq)ua callosum, that 
surrounding the fissure of Sylvius, the ascending frontal and 
ascending parietal convolutions, the three series of frontal, 
occipital, and temporal convolutions, the upper and lower 
series of parietal convolutions, the annectant, and the! vari- 
ous subordinate ones, which come all to be more or less dis- 
tinctly indicated in the brain by the time of birth. But still 
they are not fully formed .even then, for considerable deepen- 
ing of the grooves between the convolutions, and further 
' subdivision into subordinate ones, occurs to some extent 
in the first years of infancy. 

We know too little of the progress of minute textural 
development of the brain substance to enable us to make 
any statement in regard to this subject which would he of 
interest. We only know that the brain, hke all the other 
* growing parts, is originally formed entirely of cells, that 
it is by differential transformation of these i)hat the fibrous 
white substance, as well as the grey cellular constituents of 
the brain, are produced. Xiarge deposits of grey substance 
take place in the cerebral ganglia and crura cerebri The 
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we see it increasing considerably in thickness in the last 
months of foetal life ; and it is probable that the process Si 
textural -development continues to go on in the brain, and 
more especially in its superficial layer, for years after birth. 
The investigation of the relation between the more complete 
textural development of the brain and the progress of the 
intellect, will some day form a most interesting subject of 
investigation. 

The Olfactory Lobes, with which the neiwes of smelling 
are connected, seem at first to come from the anterior and 
lower part of the cerebral hemispheres, but when the hemi- 
spheres have attained a large size, are found to proceed also 
by a nervous tract from their lower part, in what is called 
the uncinate convolution. Thus, it appears that the three 
principal organs of sense are sewerally connected -^th three 
different parts of the fundamental brain, viz. lat, The 
olfactory with the cerebral lobes ; 2nd, the optic with the 
thalamencephalon, and, later, also with the mid-brain ; and, 
3rd, the auditory with the medulla oblongata. 

U. In now proceeding with the second part of my sub- 
ject — viz., the evolution of the brain in the animal series, it 
win nob be necessary to occupy so long a time as has been 
spent upon the first, seeing that the difierences of its form 
and structure observed in the various classes and orders of 
verfcebmte animals may be referred to a graduated series of 
increasing complication proceeding out of the same funda- 
mental type; so that they may be looked upon, in some mea- 
sure, as a repetition of those which are presented by the 
embryonic brain of the higher animals in the successive stages 
of their development. 

Thus, in the whole Class of Fishes the brain retains 
throughout life more or less of the elementary form which is 
common to the embryo of all vertebrates ; that is, it consists 
of a series of v^ioiilar eu large ments of the, medullary tube, 
single or in pairs, extending forwards from the spinal mai- 
row into the cranial cavity. 

In the Oyclostomata, such as the Lampreys, the fonu 
approaches most nearly to that of the embryo at the period 
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eii the five fundamental parts previously referred to 
Qe to be diatinguisbed. In such, a brain we especially 
aark tbe small size of the parts corresponding to tbo 
ebnim and cerebellum, tbe former being sometimes con- 
erably less than tbe inid-brain, and tbe latter being no 
re than a narrow bridge across tbe primitive medullary 
)e. 

[n tbe Sharks and Skates there is considerable difference 
the relative size of the parts, tbe cerebral lobes having 
ained to larger proportions ; but still the five fundamental 
dsions are readily recognised. 

En Osseous Fishes some difficulty arises in establishing tbe 
mology of the several parts, in consequence of a change in 
3 second and third of tbe fundamental divisions, which 
(ms to consist in their amalgamation or union, so as to form 
3 large pair of eminences of tbe brain of these animals, 
rally named tbe optic lobes, as well as from tbe occurrence 
additional inferior lobes in connection with them. 

But in Osseous, still more than in Cartilaginous Fishes, 

3 cerebral hemispheres are still of very inferior size, and 
e cerebellum has attained no great magnitude. Thus it 
ppens, that from the small size of the whole brain, and 
e comparatively large growth of the head, the brain of 
hes occupies only a small portion of the space within the 
mial cavity. 

In the Am phibia we begin to see a manifest enlargement 
the cerebral hemispheres in proportion to the other parts 
3 may be seen from the drawing of the frog's brain exhi- 
fced). But yet, though the .cerebrum is now the largest 
,rt of the brain, and thus hides the second division, it 
wes uncovered the next in order of the series of ftmda- 
ental parts — viz., the mid-brain, which still makes con- 
ierable projection, while ^the cerebellum remains of 
markahly small size. 

In the class of Beptiles, as in the Turtle (here shown), 
te proportional increase of the fore-brain has made further 
regress, and the cerebellum now attains a larger size, ^pe- 
ally in its median part ; and in the highest memhei-s of 
lis class, such as the Crocodile, we perceive the commence- 
lent of a transverse grooving of the cetebellum, giving rise 
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to the foliation or laminar division, which is carried much 
fartlier in birds and maminals. 

The vesicles of the mid-brain, retaining a considerable s^e, 
and -with a ventricular hollow within each, sthl remain 
exposed behind the cerebrum j but the inter-brain is sur^ 
down in the deep cleft between the fore-brain and mid-brain, 
and is surmoimted bj the pineal gland. 

In Bnds, although the vesicles of the mid-brain are still 
of considerable size, yet, from the great enlargement of the 
cerebral hemispheres, they now are partially hidden j and 
from the increase of solid substance within them, their 
internal cavities or ventricles begia to contract. The cere- 
bral hemispheres now fill the large and expanded vault of 
the cranium, and a partial division by a blunt notch, indi- 
cates the division of the cerebrum into frontal and temporo- 
parietal parts. The middle part of the cerebellum has also 
made rapid strides, and is distinctly laminated transversely, 
and the difference of its internal white and external grey 
substance becomes apparent. At the sides, too, of the 
cerebellum additional parts make their appearance in the 
flocculi, which may he looked upon as the earliest form of 
the lateral lobes. 

As yet there is no pons Yarolii, nor any corpus callosum 
as the great commissure of the cerebrum. The lateral 
ventricles extend fully within each cerebral hemisphere, and 
communicate with the third , ventricle by the foramen of 
Mom’o. In the floor of these cavities are now seen the corpora 
striata and thalami optici, but there are no posterior lobes 
of the cerebrum ; and it is doubtful if any parts correspond- 
ing to the fornix, or hippocampus major, exist. The two cor- .. 
pora striata are united by means of an anterior commissura 

In Mammalia, together with a general enlargement of the 
cerebral hemispheres, we And now existing a transverse 
commissure, or corpus callosifm, uniting them together, of 
email size, and confined to the fore-part of the hemispheres 
in the lower orders — such as the Monotremes and the Mar- 
eupiate animals, as well as some Edentata— and gradually 
increasing in size and extending further and further back 
in the higher orders, as the cerebral hemispheres become 
more fully developed, 
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In the lower orders of Mammals the hemispheres are com- 
paratively small and simple, and do not present any division 
ii^fo convolutions, and very little distinction even of the lobes, 
which are recognised in the higher orders. It is only in this 
class, therefore, that the cerebral hemispheres, attaining their 
full development, gradually progress, as it were, backwards, 
and cover successively the mid-brain, cerebellum, and medulla 
oblongata, as is found at last in the higher Simiae and in 
Man. The general expansion of the cerebral hemispheres is 
attended by a great enlargement of the frontal, paiietal, and 
occipital bones, as well as in part the squamous portion of 
the temporal bone enclosing the cranial cavity. The develop- 
ment of a posterior lobe only takes place in the higher orders, 
more especially the Simiae ; and in them, too, the propor- 
tional enlargement of the frontal lobes brings that part of 
the cerebrum more and more forward over the nasal cavities 
and the olfactory bulbs, so that, while these bulbs were at 
first placed in front of the cerebrum, they come, by relative 
diminution of size and change of position, to be thrown quite 
below the frontal part of the hemispheres. 

The lateral parts of the cerebellum also undergo a gradxial 
increase in this class ; and along with this appeal's, in 
gradually increasing size, the pons Tai'olii, which constitutes, 
in some measure, a tran^erse commissure between the 
opposite sides of the cerebellum. 

Along with the corpus callosum or great transverse com- 
missure of the cerebrum, another part makes its appearance 
in the mammalian brain, and is developed in proportion to 
its advance in organization. This is the part termed fornix, 

, which lies immediately below the corpus callosnm, and 
constitutes a pair of longitudinal bands, stretching from 
the hippocampus major and minor of the temporal and 
occipital lobes on each side forwards in two pillars, which 
descend into the base of the brain ^behind the infundi- 
bulum into the white projection termed corpus mammil- 
lare, or when double in the higher Mammalia, the corpora 
mammillaria* 

The growth of the fornix is accompanied by the formation 
of the septum lucidum which intervenes between it and the 
corpus callosum, forms a median separation between the two 
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lateral ventricles, and contains between its two layers the 
cavity termed the fifth ventricle. 

The mid-bi’ain retains the most simple bifid form of the 
corpora bigemina in the Monotremes and I)idelj)hia, but in 
all higher aniinals these bodies ai^e separated by a transverse 
groove into four, the corpora quadrigemina, of which the 
anterior pair is usually the largest. 

The corpora striata and thalami optici become more fully 
developed as the cerebral ganglia of Mammalia. The first 
are united transversely by the anterior commissure, the size 
of which is generally in inverse proportion to that of the 
corpus callosum. The thalami are united by the small pos- 
terior commissure, and also by the gi’ey commissiu’e, the 
latter of which, however, is not constant. 

With respect to the convoluted condition of the cerebml 
hemispheres, to which considemble interest is attached from 
its supposed closer relation to the higher cerebral functions, 
it appears that, while it is no doubt true that in the main 
the convolutions become most numerous and deepest in 
animals belonging to the higher orders, and reach their 
highest degree of complication in Man and the Anthropoid 
Apes, there is not any regular gradation of increase to be 
observed in passing through the whole series of Mammalia, 
and within each order or large gi^oup there may be found 
very gi'eat variations in the degree of convolution. Thus 
oven in the lowest, such as the Monotremes, the greatest 
difference is observable between the nearly smooth surfaced 
brain of the Ornithorynchus, and the compazatively highly 
convoluted brain of the Echidna; and the same may be 
affirmed of the Mareupial animals; while in the order of " 
Primates it is found that some, as the Manaiozet and other 
Hapalidae, present cerebral hemispheres almost entirely desti- 
tute of convolutions, which differ greatly from those of other 
monheys, and contrast sti'ongly with the highly developed 
convolutions of man and the anthropomorphous apes. 

Among the other ordei-s of Mammalia, the Edentata, 
Podentia, and Insectivora are distinguished by the absence 
or small size of the convolutions; while in Carnivora, 
Puminantia, Pachydermato, and Cetacea, they are moder-. 
ately or more fully developed. 
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Anatomists bave not yet sncceeded in reducing tbe cere- 
bral convolutions of the different Mammalia to a common 
ty|5e, and it would ratber appear that various types or 
forms of convolutions prevail in different orders or larger 
groups, as is well illustrated by the selection of dra^wings of 
the upper and lateral surfaces of the series of the brains of 
aidmals placed before -you. "Without attempting to trace these 
differences further, I will here confine my remarks to that 
type of the convolutions which appears to pervade the whole 
group of the primates, and which, gradually increasing in 
complexity, leads to the higher foim observed in the human 
brain. 

In its most developed form this plan or type may be 
briefly described as foUowa 

Each cerebral hemisphere presents a division into five 
lobes, which are named the frontal, parietal, temporo-sphe- 
noidal, occipital, and central In each of these lobes there 
is a superficial division into convolutions, some of which are 
principal and others subordinate. In each of the frontal, 
temporo-sphenoidal, and occipital lobes, we can distinguish 
three series of convolutions, which are named from idieir 
position from above downwards, superior, middle, and in- 
ferior j; in the central lobe, or island of Eeil, there are five or 
six superficial radial convolutions, and in the parietal lobe 
a subdivision by the inter-parietal fissure separates the 
upper and lower parietal lobules, which again are subdivided 

into convolutions. ; 

Besides these, the foUowii^ principal convolutions ^ 
distinguished, viz.: the ascending frontal and the ascending 
* parietal, situated the one before and the other behind the 
fissure of Bolando i the callosal and hippocampal convolu- 
tions which surround the corpus callosum; and the angular 
and supi'amarginal convolutions at the hack of the fissure of 

Sylvius. T -x.- 

To these may be added, as distinguishing peculiarities m 

the convoluted form of Man and the higher Apes, the cuneus 
or wedge on the inside of the occipital lobe, and the pre 
cuneus or quadrilateral space on the inside of the parietal 
lobe; and as developed more and more as we rise in tbe scale 
of the Simiae, the annectant convolutions which intervene 
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een the parietal and temporo-spbenoidal lobes on the 
band, and the occipital lobes on the other. 

''ithout attempting to trace the varieties of these cq^i- 
bions throughout the order of Primates, 1 will only 
it your attention to the series of drawings which repre- 
the brains of several apes alongside of those of the 
ipansee and of Man, from which you will easily see that, 

3 in the lowest, such as the Marmozet, there is an 
st entire absence of any division of the cerebrum into 
olutions, yet in othci'S higher in the scale, as soon as 
olutions exist, we can perceive that they are modelled 
the same plan as that which attains its Jiighest dovelopn 
I in man. Thus you will observe that in the bmln of 
Barbary Monkey, familiar to us all, while tho fissure of 
ns divides very clearly the frontal and temporal lobes, 
is also present a marked fissure wliich sepamtes an 
ital or posterior lobe from the rest, and that there is 
, transverae fissure of Eolancto, before and behind which 
be ascending frontal and ascending parietal convblu- 
so peculiaidy characteristic of the human brain, 
the toee views of tho Chira]>ansoG’s brain, magnified 
'ee times its natural size — and with which T may mon- 
n passing, the brains of tho gorilla and oning agree in 
arkable manner — you will readily s(^o the near a]iproac}i 
. is made to the human form in the general development 
) convolutions in nearly all tlm parbs, in tlio complete 
ng of the cerebellum by tho overhanging ])osteriur 
al lobes, in tho double state of the corpora albicantia, 
mil size of the olfactory lobes, and in many other cir- 
ances which I need not attempt to particnlaidso. The • 
marked differential chai’actcr in tho brains of the 
’opoid Apes is perhaps in the lower development of tho 
;ant convolutions between the occij)itiil ])arietfil and 
pal lobes, and the small number of convolutions in tlie 
al lobe itself 

The gradual increase in tho size of tho hrain, as 
ped with that of the body, and especially of the cere- 
and cerebellum, which is observed as we rise in the 
. scale, has been generally held to boar some intimate 
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propoiiional relation to a corresponding increase of tlieir 
nervous and mental endowments. But although in the main 
this view may be well founded, we shall see that it is subject 
to many exceptions which are stdl' xinexplained. I will now, 
therefore, under the third division of our subject call your atten* 
tion very shortly to this difference of size, confining my remarks,, 
however, to the brains of the higher animals and of man. 

Information as to the size of brains might, of coui'se, be 
obtained most directly by actual measurement of their 
dimensions and weight ; but, as this is often difficult, we 
have recourse also to the measurement of the capacity of the 
cranium, the cavity of which is completely filled by the bi-ain 
and its accessories in all the higher animals. 

I shall be able to illustrate the difference of brain size, as 
ascertained in the last -mentioned way, by reference to a 
number of casts, now shown, of the cranial cavity in different 
animals and races of man, which are a selection from those 
made for the Museum of the College of Surgeons, London, 
and which I have placed in the Hunterian Museum of our 
University; and, in coimection with this, I refer you also 
to the short -tabular statement which is placed before you, 
in which the brain weight and cranial capacity, and iiieir 
relation to the weight of the body, are compai’ed in man and 
a few animals (see p. 34), > 

To begin with my remai*ks on the size of the human brain, 
it may be stated as the result of an extended inquiry over 
sevei'al thousand skulls made by different observers, that the 
cranial capacity is on the whole greater among the highly 
civilised than among the savage races, and that there is even 
• a very manifest difference to he found among persons belong- 
ing to the same race, between the omnia of persons of higher 
mental cultivation and acknowledged ability and those of the 
uneducated class and of inferior intellectual powers. 

The amount of this difference is as yet only imperfectly 
known, and has sometimes been over-estimated by those who 
have adopted strong pre-conceived views on the subject; hut, 
making due allowance for the chances of error, it may be 
stated as probably amounting to from 5 to 7|- per cent, m 
persons of the same race, and to about double that range in 
those of different races. 
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Thus, the average adult brain of men of this country 1: 
taken at 3 lbs., or, more precisely, at 49 J oz. avoir.,* a 
average specific gravity of 1040, this would give a buJ 
82*5 cubic inches of brain substance,* and if we make 
addition of 10 per cent, for loss by membranes, fluid, (fee., 
cranial capacity for such a brain may be calculated at al 
90 cubic inches, and conversely we may calculate the \ 
and weight of the brain from the known cranial capac 
If, therefore, the brain of the uneducated class falls 2-5 
below the average, wMle that of the more cultivated pen 
rises to the same amount above it, or to 52 oz., we i 
estimate these brain sizes as corresponding respectively v 
brain bulks of 78 and 87 cubic inches, and with crai 
capacities of about 88 and 97 cubic inches. 

If, again, we compare the average brains of the Europi 
races with those of the lowest savages, such as the A 
traJians, we shall find the latter to be of an average wei! 
of 42 oz., and to correspond ’with a brain bulk of about' 
cubic inches, and a cranial capacity of about 78 cubic inch 
, But there are examples outside the averages in all ra 
of very considerable variations in brain-size and cran 
capacity, although the range of these extreme variatic 
differs like the averages themselves in different races, Th 
there have been known brains belonging to persons of t 
European races of the weight of 60, or even as high as 
oz. avoir., as in the well-known instance of Cuvier the gre 
naturalist, and this would correspond to a brain bulk 
108 cubic inches, and a ci’anial capacity of 118 cul 
inches^ while, on the other hand, it is found, even amoi 
the European races, that the weight of the brain has ftilL 
as low as 32 oz. (the lowest probably compatible with healt] 
^tion), which would correspond to a brain bulk of 63 cul 
inches, and a cranial capacity of about 63 cubic iiiche»s. 

These very great variations in brain size are in a gre 
measure, though not altogether, independent of diffei'ences 
statuie in the whole body^ and it must he regarded as a r 
markable fact, not yet fully understood, that an organ const 
tuted as the brain is should, in different members of the san 

44 or44J^oz^^ weight of the female brain in this country is ahot 



31 


species, be subject to so great a range of difference as that 
in some cases it should be double the size that it is in others. 
• The brains of the Anthropoid Apes, the Gorilla, the Chim- 
pansee, and Orang, all of which have now been well described 
by competent authors, are far inferior to that of man in their 
dimensions. Even in the GoriQa, which is most similar in 
stature to man, the brain does liot attain more than a third 
of the weight of the average human brain, and in the Chim- 
pansee and Orang it does not even reach a fourth'; and thus 
in these animals the proportion of the weight of the brain to 
that of the whole body may be as one to a hundred, or even 
lower, while the proportion in man is from 1 to 40 to 1 to 50. 

In most other animals the prgportion, as a geneinl imle, is 
still lower, and in some indeed very much inferior to that 
before stated. But here it is proper to state a remarkable 
fact which has been derived from a consideration of this 
proportion throughout a wide series of animals — via., that 
in general among the largest animals of any order or group 
the brain does not reach a size which is by any means 
proportionate to the greater magnitude of the other organs 
or of the whole body, so that in the smaller members 
of the same order or group, a considerably greater pro- 
portional size of the brain is observed. This fact obtains 
even in the order of Primates, with man at its head, as is 
very well illustrated by the example of some of the smallest 
monkeys, in which, as I and others have found in the Mar- 
mozet, the brain holds the proportion of one-twentieth of the 
weight of the body, or more than double the proportion 
existing in maai. 

As a very striking further illustration of the same fact, I 
may refer to the Whale and the Porpoise in the order 
Cetacea, Here, for example, is the cast of the biuin ol a 
Greenland Whale, which was 75 feet in length, and whose 
weight could not, at the lowest computation, have been less 
than 60 tons, and yet the brain only weighed about 6 lbs., 
or twice the weight of the human brain, thus giving a pro- 
portion of brain to body of 1 to 22,600; while the common 
Porpoise, or Cetacean of onr seas, weighing probably not 
more than 60 lbs., has a brain, of which I now show you the 
cast, of the weight of 1 lb. or 16 oz., and consequently giving 
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the enormously superior proportion of one-sixfcietk I may 
add that both of these brains, but more especially that of 
the Porpoise, is very fully convoluted. ** 

Among the Pachydermata, too, examples of the same 
contrast are to be found Thus the bi^ain of the Elephant, 
which weighs three times as much as that of man, and is, in 
fact, the largest brain known among animals, and is very 
fully convoluted, is yet, from the very great size of the 
animal, which we may estimate at three or four tons, in a 
much smaller proportion to the weight of the body than is 
that of the Pig or other smaller members of the order. 

So, too, in the Dog tribe, we shall find that the smallest 
races have the largest brains in proportioh to tbe body, as 
may be seen from the two examples noted in the table, in 
the smaller of which the proportion is the same as in man, 
while in the larger it is reduced to at least one-third. 

The same general fact has long been known in the class of 
birds, in the smallest of which, such as the Linnets and 
Pinches, the proportion of the brain to the body freq[uently 
rises as high as or above one-twentiefch. 

It must be confessed thai^ we are as yet wholly unac- 
quainted with the significance of this very remarkable fact ; 
and therefore, .although it may be to some extent true that, 
within certain races of man and certain species of animals, 
the size of the brain varies in proportion to the mental 
capacity.and activity of the central nervous functions, yet it 
is obvious that we cannot, in the present state of our know- 
ledge, place implicit reliance on size alone as a criterion of 
perfection of function in the brain. 

It is necessary, also, to keep in mind another general fact • 
with respect to the size of the bi’ain and its proportion to 
the . body, viz., that in the young of man and of animals 
generally, as the b|*ain grows more rapidly than the rest of 
the body, or is, as it were, more advanced in its development, 
it necessai'ily bears a much larger proporiion to the body in 
the foetus and in early youth, than it does in the adult 
In comparing, for ex am ple, the skulls of children with those 
of adults, and those of a young Drang and a young Ohim- 
paiisee with others which ai*e fully grown, one cannot foil to 
perceive the vezy great difference existing between them in 
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the proportion of the craninm and face, and this depends 
not only on the large size which the cranium containing the 
bmio. has early attained, but also on the inferiority in the 
development of the jaws and other parts of the face. 

The brain of a male child at birth weighs, on an average, 
nearly three quarters of a pound, or 12 oz,; and if we 
assume the average weight of the child to be lbs., or 
120 oz., the proportion will he seen to be a tenth. And 
so rapidly does the brain continue to grow during the 
early years of childhood, that already by the age of three 
years it has attamed more than three-foui'ths of its full 
size; by the age of seven years it has reached the pro- 
portion of nine-tenths, and after this, only by slow and 
comparatively small gradations, it attains the full size be- 
tween the age of twenty and twenty-five yeai'S. 

The same precocity of growth in the brain exists among 
animals ia general, as may be seen by reference to the speci- 
mens now shown of the young Gorilla, Orang, and Chimpansee 
skulls; and it is obvious therefore that, in any comparison 
of the size' of brains from the capacity of skulls or otherwise, 
account must be taken of the age (as well as the sex) of the 
animals compared. 

The relation of the size of the brain to the defect of idiocy 
is a subject of considerable interest, but time does not admit 
of my treating it in detail. It is true that there are many 
instances of idiots in whom the bmin has either been of the 
full average size, or not more below it than occurs in many 
sane persons. But this need not create surprise when we 
consider that the functions of the brain may be disordered, 
^ and even abolished, by pathological changes of its intimate 
structure, and that these are sometimes so minute as to 
escape very close observation. There are, however, other 
examples, more especially of congenital idiocy, which are 
coincident with marked inferiority of size, and (as may be 
seen from one of the drawings presented) with want of due 
development of the normal cerebral form. It would appear 
*tbat in general, throughout the human race, no brain under 
30 oz. is sufficient for the exercise of its normal functions. 

Some of the more remarkable of the relations referred to 
in the foregoing pages are illustmted by the annexed table : — 
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The lai^ cranial bulk in this instance is connected with the enonnous size of the roots of the 

cranial nerves. 
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ly. In proceeding now to consider, in the fourth place, the 
relation subsisting between the minute structure of the brain 
and the manifestation of its functions, or what may be 
termed the more immediate mechanism, of cerebral action, 
we have to grapple with much the most difficult part of our 
subject. To attain to a comprehension of this mechanism, 
the results of physiological experiment and pathological 
observation must he combined with full and accurate know- 
ledge of the anatomy ; hut, unfortunately, the investigation 
of the minute cerebral structure, notwithstanding the great 
amount of attention recently bestowed upon it by the most 
competent workers, has not yet led to very definite results ; 
nor ha-?-e the anatomical facts observed been found to be in 
entife accordance with the data hitherto supplied from 
physiological and pathological sources. I must content 
myself, therefore, with the briefest possible treatment of this 
part of our subject. 

Referring to what was stated in an earlier part of this 
lecture, it will be remembered that the braiu and spinal 
marrow, as central nervous organs, consist essentially of two 
very different forms of nerve tissue, viz., the wMte or fibmus, 
and the grey or cellular, the first of these beiug composed of 
distmct longitudinal fibres, in many respects similar to those of 
which the peripheral nerves are formed; the other always con- 
taining, along with fine interlaced fibres, peculiar coipuscleS' 
or cells, which belong almost exclusively to the central nerve 
organs, and are in some intimate connection with the nerve 
fibres. 

As might he supposed, the office of these two kinds of 
•nervous substance is very different, and yet their concurrence 
is necessary to the manifestation of almost all kinds of nervous 
phenomena in the animal body. It is universally admitted 
by physiologists that the fibrous element, whether existing 
in the central organs or in the peilpheral nerves, is essen- 
tially a transmitting medium, or, in other words, that the 
change which we call nervous action, induced by a stimulus 
or excitement in a living nerve, is conveyed or conducted 
along each individual fibre separately, from one end to the 
other, BO long as it holds an uninterrupted course. We do 
not know, any more than in the case of a galvanic wore, the 



intimate nature of the process by -which the conduct! 
effected ; and it seems not improbable that nerve fibres 
like galvanic -wires, be capable of -ti'ansmitting their a 
in both directions equally : but in ordinary circumst/ 
the direction of a nerve current can be recognised only 
the effect resulting. Thus, in the efferent or motor ne 
the out-ward conduction of the excitement is immedi; 
indicated by the muscular contraction which follows ; \ 
in the case of the affei'cnt or sensory nerves, the cc 
inwai^ds is manifested by the less diinct succession of sc 
tion, or by the transference of the nervous influence tlu'c 
central nerve-cells to motor fibres, so as to give rise to rc 
muscular conti'action. Nor has any characteristic dififer 
in structure been ascertained to exist between the fi 
of sensory and motory nerves; it is only known that 
former are, on an average, somewhat less in diameter t 
the latter. 

The corpuscles or cells of -fche central grey substance, v 
which many of the nerve fibres are imdoubtedlj united i 
more or less direct manner, have obviously a veiy difler 
function fi'om that of mere conduction; but as to the nat 
of nerve-cell action, "we can only form very vague conjcotiu 
The structure also of the gi'ey substance is us yet very : 
perfectly kno-wn. There are probably various forms of it 
different pait;s of the central organs, but in the main they 
a^ee in possessing the characteristic ceUular con6tituti< 
the cells being mingled as well as united with a vaiial 
qu^tity of nerve fibres, and with finely granulai- or mo 
cul^' suhst^ce, and the whole being set in a matrix 
delicate reticulated connective tissue, permeated by bloc 
vessels, from which are derived the nutiitive materials f 
the mamtenance of the ohemico-vital changes which a 
associated with the nervous as with all living actions 

Bimplest, example of a central nerve action, vi; 
that of the transference or conversion of an afferent into 
motor impulse, wMch leads to reflex movement, there can ) 
httle doubt that it is by the union established between tl 
two kmds of nerve fibres concern^, by means of the radia 
^ of the intervening cells, that the transfereiu 

IS efteoted; and we have every reason to beUeve that even i 
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the very complicated automatic or involuntary movements 
involved in many of orir actions, *wliicli may go on inde- 
pendently of consciousness, it is entirely by a similar, though 
doubtless a more complex arrangement of cellular intei^ven- 
tion between nerves of different endowments, that the' 
muscles are set in motion. 

We do not know, it is true, whether this process of 
transference is simply one of conduction or something 
more; but in the more complex forms of central nerve 
action, if not even in the- most simple, it seems probable that 
the cells are capable of increasing or modifying nerve force, 
or. possibly of initiating it witbin 'themselveq, as well as of 
transmitting and transforming that which has been brought 
to them from without; and we are still more in the dark in 
regard to that peculiar form of nerve action which is called 
inhibition. 

It is well known that habit or frequent repetition may have 
the effect both of rendeiing certain channels of communication 
or transference more easy, and certain actions more ready to 
recur, and possibly of establishing new channels not originally 
existing; hut the nature of the instinctive movements which 
occur in the first acts of the child after birth, such as the 
first respiration, sucking, crying, and the like, axe sufficient 
proof of an originally existing nervous mechanism, dr rather 
a serias of such mechanisms of wondeifful complexity, which 
provides for the natural occurrence of these movements by 
the reaction of parts of the nervous system on each other, 
and altogether independently of the will. 

Little as we know these mechamams, however, beyond the 
certain fact of their existence, it is far more difficult to com- 
prehend in what manner the relation is established between 
cerebral structure and the higher psycHcal phenomena of 
conscious sensation and perception, ideas in their simple and 
then abstract form, memory, judgment, and volition. And 
yet physiology and patholo^ point out in the most unmis- 
takable manner the immediate dependence of them all on 
cerebral action as a physiological condition. 

If this view be admitted, we shall fui’ther he disposed to 
recognise a more close relation of psychical phenomena to the 
cells of the grey substance than to the fibres of the white, 
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and more especially to tlio peculiarly^fomed cells of 
layer of grey matter which covers the surface of the ( 
brum and its convolutions, as the more immediate sei 
the purely mental processes. 

The investigation of the structure of parts so highly 
dowed must therefore be looked upon os one of the r 
intei’esbing problems presented by the whole range 
anatomy, and no doubt it is^ one which will engage 
attention of men of science during many yeai’s to come, ^ 
what result, however hopeful I may bo, it is not for ia< 
attempt at present to detorniine. 

I will rather endeavour, as bricifly as possible, to exp] 
the most important facts which anatomy has brought to li 
respecting the structiun of tlio brain in illustration of 
functions. 

Taking the simplest and most general view of tlio struct 
of the several parts of tlio ccrcdiro-spinal nervous system 
its relation to theii* functions, wo may look upon tlie wh 
arimigement as one littoil to bring the oxtoriial or jioripho 
organs for the reception of Bonsory impressions, and i 
production of motions, into connection with the cent 
organ or brain, and ultimately with ifcs superficial coverl 
ot gi’ey substance in wliioh its highest functions are olaboniti 
This is effected by a suecessiou of conducting channels 
dibrous nerve subskinco, and connecting or intfUTupti 
masses of grey matter whicli lie betwi^eu the opposite t( 
mini of the systoiu, and wliitrli may lie lirouglit under t 
three following catogoiies, vix:. : — 1st, Tlios<‘ wliich are no: 
the peripheral organs, comjirising the sensory and moto] 
nerves, all of which are coimectcal at thdr roots vdth gn 
substance in the spinal marrow or brain; 2nd, those whic 
intervene between tlie nerve roots and the central corobr. 
ganglia, including the corobinil and cerebellar peduncles ( 
stems, and the deep nuisses of grey Hubstauce wliicli occup 
the ganglia and othor situations in this division of the ayi 
tern; and 3rd, tho spreading fibr<iB wliich, emerging from th 
ganglia and deeper parts of the ln*ain, expand in the corobrs 
hemispheres till they roach and comliino with tho grey sul 
stance of the surface and its convolutions. 

1. With respect to the first division of those parts, as th( 
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description of tte structure of tlie nerves does not belong to 
my present subject, I will only remark tbat, assuming that 
the icoot-fibres of the nerves are all connected with grey sub- 
stance at tbeir central origin, and tbat none pass directly 
inwards to the brain wdthout such intervention, we may 
regard this grey matter to be the means not only of connect- 
ing together nerve fibres of different endowments, so as to 
favour their mutual interaction, but also of transferring 
nervous infiuenoes from or to the next set of channels of 
communication between the brain and the peripheral organs. 

2. The second set of parts in this system, situated between, 
the grey matter which gives origin to the various nerves and 
the deeper parts of the brain, dhffer very much in the spinal 
marrow and ia the brain itself ; consisting, in the first, of 
comparatively simple tracts of white fi.brous substance, but 
in the latter attaining much greater complexity, as they are 
prolonged onwards through the medulla oblongata, and are re- 
inforced by new additions in the pons YaroHi and cerebral 
and cerebellar peduncles, before they reach their upper limits 
in the grey substance of the cerebral ganglia. 

In tbe spinal marrow the whole of the white substance by 
which nervous influences are mainly carried upwards, is 
arranged so as to form the anterior, lateral, and posterior 
columns, in all of which (and especially in the lateral) the 
direction of the nerve fibres is mainly longitudinal. Al- 
though doubts still prevail among physiologists as to the 
exact course taken by sensory impressions and motor influ- 
ences through the cord, it may be stated as most probable 
that motor influences pass downwards in the fore-part of the 
•lateral columns, and perhaps also in part in the anterior 
columns ; while sensitive impressions are conveyed upwards 
in the hinder part of the lateral columns, and perhaps also 
in part in the internal grey substance and in tbe posterior 
columns. And it may be stated, that in these last-men- 
tioned ports the nerve fibres are on the whole much smaller 
than in the fore-part of the lateral, or in the anterior columns. 

Here, too, must be noted the important fact resulting 
from physiological experiment — that, while motor influences 
descend through the columns of the cord on the same side 
as the roots of the nerves upon which they act, sensory im- 
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px'essions (at least those of pain and touch) ascend on the 
opposite side from that on ■which the posterior or sensory 
roots haye entered Thus it appears that the most of the 
fibres in communication with -those of the sensory roots #ros3 
at once to the opposite side of the cord, as may indeed be seen 
in the grey commissure, while the motor fibres remain on the 
same side. But at the upper part of the spinal marrow, or 
rather when they have just entered the medulla objongat; 
the motor columns suddenly cross, in more or less diyidej 
bimdles of fibres, from one side to the other. This occurs ;* 
the so-called decussation of the pyramids, which cor 
essentially in the oblique passage across the middle plane ofl 
considerable part of the lateral columns of the cord, containij^ 
its chief motor fibres, into the opposite anterior pyramids jpf 
the medulla oblongata. Thus, as is well known from pattf^ 
logical observations and physiological expeiiments,* the 
of deep-seated injiuy of the brain on on© side is alw^35^, 
manifested by more or less widely-spread palsy^that is, 
of motor or of sensory power, or of both, on the opposite si^^ 
of the body. ' ^ 

The increase and modification which the ascending columns 
of the spinal marrow undergo as they are prolonged into the 
medulla oblongata, may be shortly explained as follows : — 
a. The anterior spinal columns, being thrust aside by the ^ 
intervention of the pyi’amids, become the olivary columns of 
the oblong medulla, and contain within them the dentated ’ 
nucleus of the olivary body, the cells of which appear to be 
a source of new fibres, which pass across between the bodies 
of opposite sides, and from leach also into the cerebellar 
peduncles of the opposite side. The main parti of the olivary 
columns passing deeply through the pons Yarolii are con- 
binued up into the corpora quadrigemina as the . fillet. The 
properties of this nervous tract are not well known ; but, 
leeing that the anterior spinal columns are intimately con- 
lected -with the motor nerve roots, and the corpora quadri- 
l-emina with vision, a conjecture may be hazarded, that 
hrough them are regulated the motions of the body which 
re dependent upon guidance by sight. 

h. The anterior pyramids, which are the prolongations of 
ie decussated motor part of the lateral spinal columns, 
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ascend throngli tlie pons Tarolii at a small depth from its 
anterior surface, and form the lower part, or cmst, of the 
crui^ cerebri. Thence they penetrate for the most part the 
corpora striata, and are believed to be connected with its 
grey .nuclei, more especially the nucleus lentlcularis. It is 
doubtful whether any of its fibres pass into the cerebral 
hemispheres without having been previously united with 
grey substance. 

c. The upper part of the cerebral peduncle difiei's greatly 
from the lower in having its fibres much intermixed with 
grey substance. It consists mainly of fibres prolonged 
upwards from a part, probably the sensory part, of the lateral 
column of the spinal marrow, together with a portion of the 
posterior column, and it is generally regarded as a channel 
of sensory conduction. Along with the foregoing, it receives 
from behind an accession in the processus a cerehello ad cere- 
brum, and a part of the combined fibres may pass into the 
corpora quadrigemina lying immediately above the crum 
cerebri. 

d. The remaining paints of the spinal medullary columns, 
consisting of a large portion of the posterior, together with 
offsets from the lateral and anterior columns, enter into the 
formation of tbe restifoim body or inferior peduncle of the 
cerebellum, into which its fibres spread towards the surface, 
along with the other fibres which enter that body from its 
superior or cerebral peduncles and from the ponsVarolii. 
The last-mentioned body, which appears to be developed in 
proportion to the sme of the lateral masses of the cerebellum, 
is composed mainly of transverse fibres as it enters the cere- 
Tiellum and forms the middle peduncles of that body on the 
two sides. Crossing from side to side below, and imbed- 
ding the longitudinal columns which pass from the medulla 
oblongata into the crura cerebri, it appears at first sight to be 
mainly a transverse commissure of the cerebellum ; but its 
fibres are much intermingled wdth grey substance, and undergo 
decussation in such a way that they are considered to establish 
communication between the cruii cerebri of one side, and the 
opposite side of the cerebellunL 

The several parts of the great cerebral stalk or peduncle 
may he considered to teiminate in or lead to the various 
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masses of grey substance occupying tbe interior of i] 
so-called cerebral ganglia ; tbe ’v^^bite fibres of the crust, 
lover part, proceeding most directly to the corpus striaiju 
those of the tegmentum, or upper part, to the thalami ar 
corpora quadrigemina; and it is now generally believed thi 
the greater number of the motor fibres are collected in tl 
crust, while the tegmentum contains a preponderance of se] 
sory fibres. In connection with this view, it is also held, o 
pathological as well as on physiological grounds, that tb 
corpora striata are the great centres of motor impulses; th 
thalami and corpora quadrigemina the principal seats of th 
arrival of sensory impressions, and of their reaction on th 
motor centres of all the automatic actions. 

It is indeed certain that animals deprived of their cerebra 
hemispheres are still possessed of some sensory faculty, an( 
capable, under excitement, of many purposive mpvementi 
of great complexity, even when a part only of the cerebra 
ganglia remains entire, although they are altogether withoui 
voluntary power or spontaneity of action. 

3, The third and highest division of the parts of the brair 
now tinder consideration comprises the large mass of medul- 
lary fibres which extend from the upper confines of the 
cerebi'al ganglia into the covering capsule of grey matter by 
which the convoluted surface of the cerebrum is everywhere 
surrounded. This forms the corona radiata of authors, and 
has the fonn of a fan or brush-like expansion of fibres 
which stretch from the outer and upj^er sides of the corpora 
striata and optic thalami into the centres of the convolutions, 
penetrating iuto and intimately uniting with the superficial 
grey substance. 

TTpon the supposition that the will and other mental 
operations are exercised in connection with the active condi- 
tion of the superficial covering of grey matter, it is conceived 
tlmt the peculiar hastate or spear-like corpuscles or cells 
occupy this substance in several successive layers, and 
with which undoubtedly the terminal nerve fibres are in 
some way united, ai>e the more immediate seat of the nervous 
action by which these operations are evolved. But we 
must confess onrselrea profoundly ignorant as to the nature 
ot tins action and of the share very probably taken in it 
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}j the different structural elements which are associated in 
he composition of the grey substance. 

For the production of conscious sensation or perception, 
ve may suppose that the sensory impressions which have 
>een carried from the periphery as far as the thalamus, or 
►ther great sensory centre, should be there transferred to 
iertain fibres of the corona radiata, and conveyed by them 
o some part of the superficial grey substance in which they 
)roduce determinate changes ; and that, for the formation of 
deas and judgments, there shall occur the various combina- 
iion of such conscious perceptions, with the psychical changes 
bllowing on the consequent cerebral actions in one or other 
)art of the covering grey layer of the brain. 

These perceptions, ideas, and judgments leave certain im- 
pressions on the structural elements, by the action of which 
)hey have been evolved, which, though in abeyance when 
jhese elements are not in an active state, are capable of being 
:6-excited or recalled in the process of memory. 

So also, under the influence of present conscious percep- 
flons, ideas, and judgments, as well as of their reproduction 
by memory, there may be excited, in connection with one or 
other part of the cerebral cortex, those impulses to which we 
give the' name of will, which, when directed outwards on the 
motor mechanism of the ganglia and nervous channels, lead 
bo all our active movements by the induced contraction of 
the muscles. 

We are, however, still ignorant whether these faculties 
and powers result from an action which pervades the whole 
or any part indifferently of the superficial cerebral substance, 
or whether it may be possible to localise their various forms 
as depending upon the nervons acti'vi'tiy of distinct portions 
of the brain. Although the weU-known phrenological system 
has failed to produce the proofs satisfactory to physiologists 
which its votaries anticipated for it, there are many facts 
ascertained from pathological observation, and from the 
recent experimental researches of Hitzig, Feirier, and others, 
which indicate with great probability that certain regions of 
the superficial grey covering of the brain are more immedi- 
ately connected than others with the excitement of motions 
and the reception of sensations ; and the view gains ground 
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tiiat there are also certain parts of the cerebral cortex wi 
'vrhich the sevei'al psychical processes are specially related. 

The fibrous parts now described as extending in two stag 
between the motor and sensory nerves on the one hand»ai 
the surface of the brain on the other, have been named t 
peduncular system, to distinguish them from two other se 
of fibres which form important constituents of the cerebr 
structures — viz., the commissural and the collateral sets 
fibres* 

The commissures consist of fibres which, passing aero, 
the middle plane, bring into union and consentaneous actic 
corresponding parts on the right and left sides of the bmii 
The largest mass of this kind is the corpus callosum, c 
gi'eat cerebral commissure, the fibres of which aocompan 
those of the corona radiata in their expansion into the hem 
spheres and their convoluted siuface so closely, that it i 
almost impossible to distinguish between the peduncular an 
the commissural fibres after they have become associate 
togethei\ The anteiior and posterior white oommissimas au( 
the grey commissure similarly unite opposite parts of th 
hemispheres, and the pons Yai'olii is probably, at least ii 
part, a commissure of the two lateral halves of the cerebellum 

Thus, too, it appears that the binin, as regards its mos 
superficial part and highest psychical operations, is in some 
measure a double organ, while the action of the cerebra 
ganglia is almost entirely unilateral. 

There are several remarkable pathological observations 
which prove that the miud may still remain entire notwith- 
standing the removal of large poidions of the upper part oi 
the brain of one side. The histoiy of the I’emarkable afiec- 
tion termed Aphasia is a good illuatmtion of the cross and 
the unilateral, action of a part of the brain. 

In the gimt majority of cases of this morbid condition, while 
the persons retain more or less, and sometimes very perfectly, 
them knowledge of the meaning of words as well as their 
general intelligence, they have lost the power of expressing 
ideas in speech, without, however, any impaii'ment of the 
power or control over the muscles of the organs of voice or 
articulation, or even the ability to repeat words spoken by 
another j while, at the same time, they are affected with 
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)aralysis of one or both limbs, and that almost always on 
he right side of the body. Now, in these instances, accord- 
ng to the discovery of the French pathologist, M. Broca, the 
.esien or disease of the brain is found to be situated in the 
back part of the third or lowest frontal convolution, just at 
he entrance to the fissure of Sylvius. And thus in the 
affection of Aphasia we have combined a unilateral super- 
ficial cerebral lesion, with opposite unilateral palsy of the 
body, and an interference with a process which consists more 
immediately in the excitement of a bilateral motor mechan- 
ism for the conversion of ideas into spoken or written lan- 
guage : and yet, in some strange and inexplicable manner, 
this mechanism seems to be excitable only from one side, 
while the irpper part of the brain, so far as the ideas and the 
will are concerned, seems to be capable of working equally 
by either side. 

The connection -between different parts of the brain on 
the same side is established by means of the third set of 
fibres to which I have referred — viz., the collateral longi- 
tudinal or associating, the nature and uses of which are even 
less known than those of the other two sets previously 
described. 

The fornix is one of the parts belonging to this system, 
and seems to connect the hippocampi of the middle and pos- 
terior lobes with the thalami optici, through the curious 
twisted course of its anterior pUlars in the coi’pora albicantia. 
The taenia semicircularis, the longitudinal striae of the corpus 
callosum, the fibres running along the convolution of idiat 
body, and the uncinate fasciculus, are other instances of bands 
of fibres confined to one side, and serving apparently to unite 
‘different parts of the brain, but in a manner and for purposes 
which are still wholly unknown. The fibres which pass from 
convolution to convolution in the bottom of the grooves 
between them may be brought under the same division, and 
may be looked upon as the probable means of connecting 
together different parts of the grey covering of the brain, of 
combining, therefore, possibly sensations, ideas, voluntary im- 
pulses, or other psychical operations which may belong to 
different regions of that part of the cerebral organization. 

Lastly, expanded portion of the cerebellum, which 
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attains a considerable size in man and the Mgher animals, 
presents a structure in some respects comparable to the oon- 
Toluted part of the cerebral hei^pheres. A layer of grey- 
matter, containing cells of two kinds, covers the whole o^ter 
surface, and is thrown into infections of a plated or foliated 
form, so as greatly to increase its extent, just as is caused by 
the convoluted form in the superficial part of the cerebmin. 
The interior of the plates is occupied by an extension of the 
fibrous white substance formed by the expansion of the com- 
bined fibres of the three peduncles before referred to, and 
somewhat in the same manner as in the cerebrum, the fibres 
of the deeper white substance of the cerebellum enter into 
communication with the larger branched cells of the grey 
substance. 

By means of the lower peduncle fibres are carried into the 
cerebellum from the several columns of the spinal cord, those 
of a sensoiy kind appearing to predominate; by the superior 
peduncles the fibres of the cerebellum are made to join 
superiorly the tegmentum of the crus cerebri, and perhaps 
also the corpom quadrigemina; while the pons Yarolii seems 
to unite the opposite halves of the cerebellum below, and to 
establish other unions between its stem and the roots of the 
eerebinl and spinal nerves. 

The cerebellum does not appear to exercise any important 
function in connection with sensation, volition, or intellect, 
but experimental evidence indicates that it has some close 
relation to the co-ordination of voluntary movements. The 
mode of its operation, or the relation of its structure to this 
or any other function, is still whollv unknown. 


In the preceding slight sketch of the minute structure of 
the brain, from which I have been obliged by want of time 
to omit all details, I have endeavoured to show how inti- 
mately the various processes which make up our sentient, 
percipient, active and intelligent nature are associated with 
an organization of the most delicate, comphoated, and refined 
description; and how closely the advance in the develop- 
ment of nervous 'and mental powers follows the advance in 
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tlie perfection of ^ruoture in tlie bodily organ, in tbe first 
formatiorL of the being and its subsequent progress to maturity, 
as well as in all the varying conditions of animal life. I by 
no means wish to be understood to contend that our know- 
ledge, either of nervous phenoinena or of the structure of 
nervous organs, is yet such as to warrant dogmatic assertion 
of an indissoluble and direct relation between organization 
and mind ; but I venture to affirm that, if we deal with this 
problem in the same manner as with other scientific inves- 
tigations, we cannot arrive at any other conclusion than that 
mental processes, however complicated they may become in 
their higher forms, have taken their first origin in nervous 
action resulting from the vital activity of nervous structure, 
and that their rise into higher and higher forms of psychical 
phenomena is only a fuller development and closer combinar 
tion of repeated and more complicated nervous actions. 

I would here remark that, although a mechanism be of 
organic nature, and subject to the complex and varying con- 
ditions of a living organization, the phenomena which result 
fi’om its activity are not less the immediate product of its 
internal changes than are those of the evolution of heat, 
light, electricity, and magnetism, from the bodies with which 
these forces or states of inorganic matter are observed to he 
associated. We do not know nerve force as distinct from 
the nervous fibre. We have good reason to believe that by 
some modffication of that force in its passage through the 
nerve-cell, an afferent nervous impression is converted into 
an efferent impulse in the phenomenon of refiex action. 
And it does no violence to our power of conception to 
^ extend the same view to the more complex mechanism 
situated within the cerebral ganglia, by which all those 
motions which we style automatic appear to be regulated 
without the co-operation or control of will or intelligence. 
When, however, the same afferent impression, which causes 
a simple refiex or a more complicated automatic motion, 
reaches the higher part of the brain and results in sensation 
or perception, what gi’ounds have we, on any physiological 
or scientific principle, for asserting that the change which 
follows is other than a higher manifestation of some nervous 
property? 
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As physiologists wq know of tiie exercise of mind only 
its association with the brain, as a part, of om* organization 
in a state of integrity, and in the conditions of life asc^r^ 
tained to be necessary to the manifestation of its action 
Surely the intelligent part of our nature, if in itself noble and 
elevated, can suffer no degradation fi'om its corporeal origin 
being ascei-tained. Eather might we say that the coiporeal 
organization gains in dignity by the proof of its association 
with the nobler principles of our nature ; and that the sciences 
which profess to investigate the relation between cerebral 
organization and mental phenomena, thus become entitled 
to the highest rank among the attainments of human^ 
knowledge. 

The (Sgnity or elevation of any branch of knowledge 
will obviously depend mainly upon the character given to 
it^by those who inquire into it; and if, upon sufficient 
evidence, the unbiassed judgment of science anives at the 
conclusion that the operations of the mind are the result of 
the vital activity of cerebral organization, it neither alters 
in any respect the real essence of mind as distinguished from 
^tter, nor does it detract in the least from the greatness of 
its powers. While, on the other hand, the careful study and 
increased knowledge of the relation between mind and body 
may be the means of making us better acquainted with the 
nature of our mental powers, and may lead to useful prac^ 
tical improvement in their cultivation. W^e cannot doubt 
at all evente, that a healthy organization, and an observ- 
^ce of sanitary laws of life, ai^e necessary to the evolution 
of the best mental efforts; and it is no less certain that 
hereditaiy influence is equaUy powerful with educational . 
c^ture in caiTying our mental powers to their highest state 
of perfection, ® 



SENEEAL PHYSIOLOGY OF THE 
NEEYOUS SYSTEM. 


EiASt year yon will remember that Dr. Allen Thomson deli- 
vered a lecture in this hall upon what he very properly 
jailed the architecture of the brain and of the nervous sys- 
!jem. The lecture which I propose to deliver this evening 
cnay be regarded as a continuation of the lecture given by 
Dr» Allen Thomson. You will recollect that in that lecture 
he pointed out to us that the nervous system consists, in the 
hrst place, of cei'tain cords found in almost every part of the 
body called nerves^ and of ceiijain masses of matter foimd in 
other parts of the body, to which he gave the name of nerve 
‘imtres. These nerve centres, you will recollect, he classified 
as gcutiglia^ or smaller masses of nervous matter found in 
jertain parts, and the h*ahi and spinal cord constituting 
what he termed the cerebro-spinal system. You will remem- 
ber also how he showed us that the nervous system, when 
braced from the simplest forms in the lower animals to its 
more complete state in the higher animals, gradually becomes 
more and more complex from the development of new parts. 
He illustrated this by taking us through the difierent groups 
of the vertebrate kingdom of nature, and showed us how, 
Erom the simple brain, as found in' the fish, we might pass 
3tep by step, to the binin of the reptile, of the bird, up to 
bhe brain of the mammal ; and at last he described the 
architecture of the brain of man, which is the most com- 
plex of all. He illustrated the same general principle of 
evolution, from the simpler to the more complex forms, by 
bracing the development of the brain in a siagle individual, 
from its earliest form in the embryonic state to its full com- 
pletion in the adult. In order to refresh your memories in 
regard to one or two of these points, so that you may be 
better able to comprehend what I have to say regarding 
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another aspect of t&e subject, I may direct your at^tio 
m the first place, to one or two of the diagrams which I 
Thomson showed us on that occasion. This large diagm 
represeniis a side, view of tlie brain of :maru ^derneal 
we liave a diagratomatic or typical brain; and ^ Y' 
to keep in mind tbat it consists essentially of tne f 
lowing pai-ts Pirat, of a large mass (bounded by dott 
lines, in tbe lower diagi-am), representing tbe cerebn^ m 
fully-developed brain. Behind this, and overlapped by it, 

the higher brain, we ba 
a mass of neiwons matt 
called tbe m'pvs striatu'i 
Behind this, again, a son 
what smaller mass, to whi< 
the name of tJialamus o 
titus has been given — £ 
old name given by anat 
mists, who thought th 
this part of the brain Wi 
more specially connects 
with the sense of visio: 
Behind the optic tkcdaTnu 
we have a still smaU( 
mass of matter, which v 
^holl call the optic loh 
specially connected wit 
the nerves of vision. B 

Fig. l._DiAon.m or ah Ibeai, or hind this again, we have 
Typical Braik, 1, Olfactory contmuation of the bmi 
lobe; 2, cerebrum; 3, corpus stria- in the form of crura^ c 
turn ; -4 optic thalmus ; 5, optic p^difricles. Then the nppt 
lobe; 6, cerebellmn ; ^ pons spinal cord ( 

Varolu; 8, medulla oblongata; 9, i , 

spinal cord ; the dotted curve indi- maiTOW called the medvM 
cates the possible development of oblongata. Lastly, we fin 
the cerebral lobes. the spinal cord itsel 

These are tbe pai'ts, the names and general position of whic 
it will he important to carry in your memory, so as i 
understand what may be hereafter said as to their uses. * 

* The woodcut here introduced, although not a copy of the dh 
gram actually shown at the lecture, illustrates this paragraph. 
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Let me direct your attention to several other diagi'aina 
constructed by Dr. Allen Thomson. This diagram gives us 
a g^eral view of brain-development, fi’om the brain of hsh 
upwards to the fully-developed brain of man. This other 
diagram gives a general notion of the arrangement of the 
spinal marrow or spinal cord. You will see that the coixi 
consists of a series of columns of white matter, placed side 
by side, and enclosing a mass of grey matter in the centi'e. 
Yrom the sides of the spinal cord, and from the base of the 
brain, we have numerous nerves originating, which Course 
or run through various parts of 'the body. These are the 
principal anatomical points which I think you should re- 
member in order to follow the physiological side of 'the 
question. 

This evening, I now ask you to look at the nervous 
system, not from the anatomic^ side, nor from the point of 
view of the compai’ative anatomist, but from that of a 
physiologist. The science of physiology has for its object 
the investigation of the functions of oigana The science of 
anatomy, of course, has, strictly speaking, to do with the 
structure and form of organs, and also, I think, with the 
evolution of organs, as traced throughout the animal kingdom. 
When we examine the different forms of animal life, we fii'st 
of all notice that in the lower orders there is no trace of a 
nervous system. There ai'o many microscopical organisms, 
and many organisms quite visible to the naked eye, which 
have no nervous system. And yet, if we stimulate or touch 
these organisms, we may cause them to move. One of the 
first and most remarkable phenomena of life with which we 
liave to do is movement Many minute and almost strac- 
tureless animals move by contacting — by changing their 
form — and this they may accomplish without any nervous 
system whatsoever. As we proceed higher in the scale, 
we come to animals where a nervous system begins to be 
apparent. It has been generally supposed that the nervous 
system first made its appearance in the form of httle masses 
of nervous matter connected with two nerves. Quite 
recently, a number of most important observations have been 
made upon medusoe by Mr. Romanes, who haa paid a great 
deal of attention to these interesting animals. You are all 
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familiax with tlie forms of the beautiful medusse -we s 
floating in the sea. These creatures are sometimes clear a 
transparent as glass. They move by rhythmic contracflio 
and expansions of certain parts of the body. Mr. Komar 
found that they might be experimented upon, and that tb 
moved or made rhyth mi cal contractions when stimulated 
certain points. He discovered that, if you touch one 
these medusse, or irritate it, say by an electric current, a s( 
of wave will be transmitted from the point irritated towai 
the centre of the aniniars body, or perhaps to some p 
ticular part of it. He also found that if he took a laj 
medusa, such as we find in the Moray Krith, and cut 
into the form of a long ribbon, and irritated one end of i 
ribbon, a movement or wave of contraction passed to ■ 
other end He observed that if he cut the ribbon half-v 
across, cutting from each side of the ribbon, as it were, 
as to leave simply little strips connecting its segments, t 
still, on irritating one end of the ribbon, the movem 
passed from the point of irritation towards the other e 
AR this indicate what might be regarded as a beginn 
or differentiation of a nervous system, in the sense that tb 
were definite paths along which the stimulus might ti'a' 
More recently, as I have been informed by letter, Mr. Schii 
of TJniversity College, London, has been investigating 
structure of some of these medusse on which Mr. Koma 
experimented, and he has found indications of a nerv 
tissue- Thus, in these simple creatures, whilst there are 
nerves, there are what may be called lines of nervous foi 
— lines along which a special influence passes wliich res 
in contraction. These lines of tissue, in higher forms of ! 
may gradually become more differentiated into what we i 
mately term nerves. 

The next step we notice is when we have to do t 
nerveSy ganglia^ and centres. What is the structun 
a n&rvQ ? A. nerve, when seen with the naked eye, prese 
the appearance of a white cord. When examined under 
microscope, it is found to consist of an immense numbe: 
fibres. These little fibres, when seen individually under 
microscope, are clear and transparent like glass, but w 
looked at attentively, they are found to have definite pe 
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This figure represents a view of a nerve fibre diagramma^ 


tically. It consists of a deli- 
cate sheath outside, withm 
whiSi there is a cylinder of 
matter — which we call the 
wJvUq mhstcmce, but which in 
the diagram I have coloured 
blue, simply for the purposes 
of illustration. In the centre 
of the white substance, we 
have semi-gelatinous material 
(coloured red in the diagram), 
which we may term the aoda 



Tody or CKTw cylind&r^ Sup- 2, DiAGEAiinrATio View or 

pose we make a section of a the SirwUcnmE or a Nerve 


single what is here Fibre. Above, longitudinal; 
represented in blue, is the and below, transverse section, 
white substance, surrounding the axis or cylinder rod. A 


neiwe is made up 
of an immense num- 
ber of these little 
nerve fibres laid side 
by side. 

This diagram re- 
presents a portion 
of a section of the 
optic nerve of a 
horse. The nerve 
was hardened, and 
^ thin transverse 
section made of it, 
which was stained 
with colouring mat- 
ters employed in 
histological work. 



We see a por- pig. 3 . — Transverse SECfnoN ‘of a Nerve, 
tion coloured red, showing the Bands of Connective lissue 
which consists of a Sections of Nerve Fibres. 


kind of connective tissue binding the whole together. Then- 
you have enormous numbers of nerve fibres. In this, aeotibn' 
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you see them cut across. The axis rod is represented as a 
dot; and in the section of the nerve you have the nerve 
fibres of different diameters, some of them being very much 
greater than others. That, then, is the general structure of 
a nerve. 

ITow, let us ask ourselves next what is the function of a 
nerve ? Perhaps the best way we can illustrate that is to 
imagine that we can submit it to some kind of experiment. 
We cannot learn anything of its functions by simply looking 
at it. We might learn something about it by tracing it, and 
finding out where it goes. If we found it went to a muscle, 
we would naturally conclude that it had something to do 
with muscle ; if it went to a blood vessel, we would conclude 
it had something to do with blood vessels ; or if it went to 
the brain, we would conclude it had something to do with 
the activities of the brain. Suppose we irritated it in some 
vray, say by a feeble electrical current, various things might 
happen which would indicate what its functions may be. 
In the first place, we might have a contraction of the muscle 
~the muscle supplied by the nerve. When the nerve is 
irritated, this muscle might contract. The various move- 
ments of locomotion and other voluntary movements are 
carried on in this way. When we lift the arm, a nervous 
impulse tx^avels along certain nerves from the brain or cord 
to the muscle, the result being a muscular contraction. 
But, instead of muscular contmction, we might have pos- 
sibly secretion from glands. Thus there are nerves which 
supply the salivary glands ; and if we irritate any of these 
nerves, there may be an increased secretion of saliva. Among 
the many nerves in the body, there can be no doubt at 
all that there are certain ones which excite secretion. But, 
again, instead of movement — or contraction of the muscles — - 
or secretion of glands, we might have a change produced 
upon the diamet&r of hlood vessels. The little blood vessels 
which ramify through the body, carrying their supply to the 
organs and tissues, are not tubes of the same calibre at all 
times ; but they are tubes having contractile walls, and these 
walls are also under the infiuence of nerves. On irritating 
some nerves, we might see the calibre of the vessel becoming 
much narrower ; while, on irritating other nerves, possibly 
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the calibre of tlie vesflel might become mucli laiger. "We 
thus might have, on irritating a nerve, contraction of 
muscles, secretion from glands, or possibly a change in the dia- 
meter of vessels. Then, fourthly, on irritating the nerve, 
there might be indications of feeling. In that case, the 
nerve must have passed, in some way or other, to a sentient 
brain. hTerves then cairy impressions from the periphery of 
the body to the centres, and when they reach the sentient 
centres (of which I shall have to speak presently), the result 
is a sensation or feeling. 

These are four modes of 
nervous activity, which we 
may notice in almost any 
animal, and which occur in 
man. In some animals, 
however, nerves supply 
other structures, Por ex- 
ample, here is 
in which you 
sented a peculiar fish, the 
torpedo, an inhabitant of 
the Mediteri’anean. This 
fish belongs, as many of 
you know, to the family of 
the Bays or Skates. Its 
general formation and ap- 
pearance are shown by the 
diagram. You will observe 
that we have laid bare the 
nervous system and ganglia 
of which I have been speak- 
ing. You will see nume- 
rous nerve cords passing 
from the neiwe centre 


a diagram 
see repre- 



and distributing themselves 
to veiy remarkable 
ino; organs shaped some- 
a honeycomb. 


. 4. — Torpedo, showing the Brain, 
^inal Cord, and Nerves; also the 
Eleotric Organ supplied by lar^e 
look-. Nerves, <z. The Electric Organ is 
the honey- comb like structure, h. 

These are electrical organs. 
If you touch this creature, placing one hand on the back 
of the fish and the other on the belly, you get a severe 


what Hke 


10 


electric sliock. It is interesting to know that the discharge 
of electricity from this electric organ, depends upon the 
activity of the nervous system. When the electric or^n is 
examined closely, it is found to present a very close analogy 
to the strnctime of the voltaic pile,; that is to say, if you 
.take different metals, separate them by little hits of some 
bibulous materials, and immerse the whole in some solution 
which will act on one of the metals, yon obtain a current 
of electricity. In the torpedo, each of these little hexagonal 
bodies may be regarded as a little pile similar to a voltaic 
pile. It has been ascei'tained by careful experiment that 
the nerve is distributed to the positive surface of this pile. 
The interesting point in connection with the physiology of 
the torpedo is, that in it nerve action may produce changes 
in tissue which result in a discharge of electricity. We 
have thus an electrical pJi&nomenon dependent on nervous 
influenca 

Consequently, to recapitulate, a nerve, on being stimulated, 
may produce motion or contraction of the muscles, or it may 
produce sensation or a feeling of pain; it may produce change 
in the calibre of the blood vessels, secretion from the glands, 
or, possibly, some electiical discharge from a special electrical 
apparatus, as in the case of the torpedo. 

, In the next place, suppose you proceeded to examine the 
nerves going to the different parts of the body. The first 
thing that would occur to you is, that you would see no visible 
difference in the nerves ; they present the same appearance 
(except in size), so that you could not tell one from the other, 
^though stimulation of them may produce such diverse effects. 
Nor can you make out any distinctions even with power- 
ful microscopes, as all the nerve fibres look ahke. This leads 
ns to the important inference that the different effects pro- 
duced by stimulating different nerves does not depend on the 
structure of the nerve, but upon the natme of some apparatus 
at its end. The nerve’ is then really a conductor. When 
stimulated, it displays a mode of activity which we may 
term nerve force or nerve energy ; ■ this travels towards a 
termination, and the effect produced depends upon what we 
may call a t&rmincLl organ, or the apparatus at the end of the 
nerve. You will understand this perhaps by taking an 
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nalogy from electi'ical phenomena, A copper wire condncts 
. current of electricity, and tMs cinrent may be caused to 
.0 yeiy different kinds of work. For instance, the current 
iight be employed to do mechanical work by driving a 
Me electro-magnetic engine ; it might also be used for pro- 
ucing chemical decomposition, as in electrotyping; or it 
light be used for producing the phenomena of light, as in 
le electric light ; or it might, by Storing the condition of a 
nail magnet, cause a little disc to vibrate, and' thus produce 
)und, as in the telephone- You will observe that the copper 
ire will conduct the current to any of these different lands 
' apparatus, but the difference of effect really depends upon 
le apparatiTS at the end of the wire. l!Tow it is similar in 
0 case of the nerve. The nerve, as I have said, may be 
garded really as a conductor — a conductor of some change 
other in the nerve — and the effect produced depends upon 
e nature of the apparatus at the end. If the apparatus be 
ceU or cells in a sentient brain, the result will be a feeling 
pain, or perhaps of pleasure. If the nerve ter m i n ate in 
. electrical organ, it "^l be an electrical discharge ; if it 
d in a muscle, it will be a muscular movement or contrac- 
n. This important generalization has been the result, as 
u will quit© understand, of a great deal of physiological 
restigation. At one time it was supposed that the dif- 
ent nerves had different properties, and that what 
led a motor nerve, or one which causes motion, was dif- 
ent in structure from a smsory nerve, which, on being 
Itated, might caqse a feeling of pain. We now know 
Lt that is not the case. The nerves are similar, but the 
5 ct depends upon what is at the end. 

Che nerve, you will observe, is thus a conductor ; but at 
same time it is something more than a conductor. Sup- 
e you were to expose a nerve in any part of its course, 
[ irritate this nerve in any way at that point, at once you 
up some kind of activity in that nerve which travels 
ig the nerve. Consequently, a nerve is not only a con- 
tor, but it is an excitable conductor — it is capable of 
ig excited by an external stimulus, applied at any point, 
bhis respect, you will see that it differs from an electrical 
iuctor. It is capable of being touched or stimulated or 
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ivritiited at luiy part of its course. Many of you must no 
doubt havo i)eeii struck witli the remarkable analogies 
between nervous action and electrical action. The very#ap- 
poaranco of tv ttansvei'se section of a nerve (see fig. 3) . sug- 
gests tho idea of a cable having a number of wires for the 
conveyance of currents of electricity ; and if you can imagine 
tills cable branching off here and there to go to different 
towns or places, you have at once something remarkably 
similar to a nervous distribution. But you may make the 
analogy o.ven more closo. If you look at the transverse sec- 
tion of a singlo nerve fibre, it suggests to one some kind of 
an insulated structure. When the electrician wishes to keep 
the wivi^s from contact, so as to prevent the passage of 
currents from ono wire to another, he covers the wire with 


some non-conducting substance. Now, when you look at a 
nerve fibre, you hog an axis-rod siurounded by the white 
Kulmbinco. We havo no proof that this white substance m 
rfnvUy an insulator ; in fact, it is not an insulator of electric 
cniT(*nts, at all events — and we have no absolute proof that 
it is an insulator of the energy which passes along the 
ctontnil rod* But you say, what reason havo we for suppo^ 
iug that the central rod Is a conducting structure 1 This 
view in founded principally upon histological evidence, that 
iH, tho cvidiuico got by microscopical examination. ^ If "wo 
a ntu'vo fibre to its termination, wo find it ultimately 
by the central rod connecting itself with the 
t<*ruiinal apparatus. For (^xtunplo, if you tmeo a nerve into 
thii Hpinal cord, wti find that it may end in what is termed 
the pob^ of a luu'vo cell in the grey matter of the cord. You 
find that tho central rod comes into absolute organic contact 
with thest^ ctfils. Tho white substance disappears before the 
ctmtriil nsl comes into ooutaot. Again, if you trace nerve 
fibrils into connection with tho terminal apparatus m the 
fiio retina— or ^vith the terminal apparatus of the etu^, 
by which wo appreciate sound, you find illustnitiona of 
name truth— tint tho central rod is what is connected witl: 
the t<mminal organ. OonBoquontly, the central rod is, in at 
probability, tho conducting structure. , 

Thoto are many points of difference between what we ma] 
call electrical conduction — oc conduction of electricity alon^ 
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a conductor — and nervous actioiu One of tlie most remark- 
able facts is that the nerve current parses along a nerve 
'^i^h comparative felowness. It does not travel at anything 
like the rate of electricity, for instance, along a copper 
■wire (289,000 miles per second — Wheatstone), 

One of the triumphs of modern physiology has been the 
measurement of the rapidity of the nerve current. If you 
move the finger, the movement, you think, is instantaneous. 
If you wiU to move a finger, the finger is apparently nioved 
the instant you will that the thing is to be done. Ho time 
seeM to be lost. This results from the fact that our appre- 
ciation of minute intervals of time does not pass beyond a 
certain limit. We cannot appreciate very minute intervals 
of time. We cannot observe a period of time of less, say, 
than one-tenth of a second. If two phenomena happen, 
separated by a shorter interval than the one-tenth of a second, 
they seem as one to our consciousness. Many phenomena, 
however, may occiu', and do occur, in a much less space of 
time than that. I have had a diagram constructed to show 
how physiologists have measured the rate of a nerve current. 
There are many experiments which .cannot he done in such 
a hall as this, and therefore we shall have to be contented 
with what we see in the diagram. Take the muscle of a 
frog having a nerve attached to it. We stimulate this nerve, 
laying it across two wires, A and B. The problem is to 
find out how long the nerve current takes to pass from A to 
P., etc., in fig. 5. The velocity of the nerve current in a 
TootoT nerve was first determined by Professor Helmholtz, of 
Berlin. 

Various modes of measurement have been adopted by 
physiologists from time to time, but the general principle 
of all the methods is to cause a muscle to contract by suc- 
cessively irritating two points of a nerve more or less dis- 
tant from it, and to obtain a record of the contracting 
muscle upon a rapidly moving surface. It is evident that 
the distance between the two points at which the two curves 
leave the horizontal line will indicate the length of time the 
nerve current took in passing from the stimulated point, 
at a distance from the muscle, to the other stimulated point 
close to the muscle. A convenient arrangement for making 
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the experiment is shown in this diagram (fig. 6), in which an 

instrumeiit termed the spiing- 
) \ N E RVE B myograph of Pu Bois-Reymond 

/ A\ ^ employed • 

The apparatus consists of a 
\ r J smoked glass plate, which is 

MU SOLE I ) ^ front of the recording 

3 \ n stylet of the myograph by the 

j ) [ cx recoil of a steel spring 0. 

B* W / o J Underneath the frame carrying 

T ^ the glass , plate, there are two 

hindrng screws, 1, 2, to one of 
^ attached a rectangular 
brass, 1, which can so 
^ IfC C;' y move horkontahy as to estah- 
rPw ) metallic connection between 
Jl*LJ [O h5j j[^ the two binding screws (marked 
I 1 "^INDlicTlON^ break F in the diagram). By 

— J COIL means of these binding screws, 

— 1 ^^ , ; the myograph is interposed in 

the circuit of a galvanic cell, 
200V1B.PER SE^h primary coil (I) of an 

j\nsj\j\pu\j\r\^^ induction machine, and the arm 
RAPIDITY OF UERVE CUW^ENT pf brass is SO placed as to con- 


Kg. 6.-Diagram showing ar- binding screws, and 

Tangement of Apparatus in thus complete the circuit, 
experiment for measuring the From underneath the frame 
rate of the Nerve-current. carrying the smoked glass plate 
there descends a small flange which (when the glass plate, by 
releasing a catch not seen in the figure, is driven across by the 
spring or spiral at 0 from lefb to right) pushes the brass arm 
aside, and thus interrupts the chcuib of the primary coil, 
"When this occurs, an opening shock is transmitted from the 
secondary coil, H, to a commutator, E, an instrument by 
which electric cmTents may be transmitted in one direction 
or another at pleasure. By means of the commutator, the 
secondary shock may he transmitted to the nerve, either to a 
point close to the muscle at A, or at a distance from it at B. 
Suppose the apparatus all aiTanged, so as to send the shock to 
the nerve at a point close to the muscle, A, the muscle thus 
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stimulated conti’acts, and draws, by the stylet, on the smoked 
surface of the glass, the curve A, seen in the lower part of the 
figure. This curve leaves the horizontal line (which would be 
dra\m by the muscle at rest) at A. Arrangements are then 
made for another experiment, in which the nerve will be 
stimulated at a distance from the muscle, at the point B, in 
the upper part of the diagram. This is done by again placing 
the smoked glass plate in proper position, closing the primary 
cii’cuit by the brass arm at the binding screws, as already 
described, and reversing the commutator so as to send the 
shock along the wires to B. The muscle again contracts 
when the primary circuit is opened, and this time it describes 
on the smoked surface the curve B, seen in the lower part of 
the diagram. It wlQ be seen that this curve leaves the 
horizontal line at B, that is, a little later than when the 
nerve was stimulated close to the muscle. It follows, there- 
fore, that the distance on the horizontal line from A to B 
represents the time occupied by the transmission of’ the 
nervous impulse from B to A of the nerve. With suitable 
arrangements, the rate of movement of the glass plate can be 
measured, by bringing a vibrating tuning fork into contact 
with it. The vibi'ations of the fork being uniform as regards 
time, the little waves thus recorded enable us to measure 
with accuracy the rate of movement of the glass plate, and 
consequently the minute interval of time between A and B. 
In the diagi’am, it will be observed that there are two waves 
between A and B; each represents of a second, and 
of a second, or is the time represented by the length 
of the line from A to B. 

When this experiment is carefully done, it is made out that, 
in the frog, the nerve current travels at the rate of about 90 
feet per second. That is comparatively a slow speed. By 
other methods, which I have not time to describe, the rate of 
the nerve current can be meaaimed in the living man without 
any great trouble; and it has been found that in man, and 
probably in other warm-blooded animals, the current goes at 
the rate of about 200 feet per second, I need not say that 
that is incomparably slower than the passage of a current of 
electricity along a wii'e (see p. 13). 

The next point I wish to dii’ect voiu* attention to is, what 
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is it that really passes along the nerve ? That is an extremely 
^iilhoult question to answer. In fact, at this moment it 
cannot be answered satisfactorily. It is not electricity, in 
“the sense that it is often spoken of. It has been supposed 
l>y some to bo a kind of molecular movement passing along 
tho nerve, Some have supposed that it was an instantane- 
ons chemical change j)i‘oducod at the point of irritation, and 
that this chemical change was transmitted veiy quickly from 
pjoint to point along the nerve. From various observations 
■which I have made, I am inclined to think that, when a nerve 
is irritated, a change passes simultaneously to both ends of the 
nerve. Formerly, wo wore in the habit of supposing that, 
vi^hen wo irritated a nerve at one point, the current went only 
in one direction. But there are a number of facts to show 
that, when wo irritate a nerve at any particular point, the 
change goes in both directions. You say, How is it, then, you 
have not an elfoct in both directions? The answer is, because 
it will depend on the nature of the apparatus at the end of the 
nerve. When wo irritate a nerve, as I said before, an effect 
■will bo seen only at the end at which there is a responsive 
tci^minal apparatus. Ho apparent effect will be observed at 
the other end, bub there may bo transmission in that direc- 
tion notwithstanding. Imagine a long india-rubber tube 
filled with water lying on the table, and that at one end oJ 
it theu’o is a little l(5ver laid across it. On tapping the tnbt 
amartly in the middle, a wave will bo propelled towards eacl 
omi of the tube, but its oxistonco will be shown only at orn 
oud by the movement of the lovox\ So is it, I think, with t 
nerve. Irritatci a luuwe in any part of its coui’se ^ from it 
structure, and from varioixs expeximents, I infer that ai 
impulHC travels to both ends, but direct evidence of tbi 
impulse will be given only at the end in contact with j 
'Uiriuiixal organ. 

Kext, what occurn at the termination of the noxwe? Tha 
wo may illustrate very well by taking the example of muf 
cular eoixtracbion. Hero wo have a muscle fixed in a littl 
upparatixs, and a norvo stretched across two whes. We hav 
attached the muaelo to a long lover, which you see; ani 
whoa wo irritate the muscle, you see the lover lifted up; aui 
if you Ixavo a weight attached to this lover, you cause th 
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miisole to do work in lifting the lever, and in lifting a certain 
weight. An extremely feeble current is quite sufficient to 
ir/vitate a nerve, and consequently the amount of work Vhicli 
a muscle does in lifting a weight does not depend on the 
amount of stimulus which you apply to the nerve. You set 
the nerve in action, and it conveys some kind of stimulus 
to the muscle, which has the result of liberating the energy 
stored up in the latter. The muscle may be regarded reall}^ 
as containing energy in a potential condition, and the , 
action of the nerve is not merely to force the muscle to 
contract] but, as it were, to set free this ener^ in the 
muscle. The change is manifested by a contraction. The 
relation of the nerve to the muscle is something similar, for 
example, to the relation of the trigger that acts upon the 
percussion cap, and explodes a great mass of gunpowder. 
The gimpowder contains, of coui’se, an immense amount of 
energy which is locked up or latent. You liberate this energy 
by setting up some kind of action by means of the percussion 
cap, and instantly the libemted energy will do work. In 
the same way, in nerv6us actions, a very feeble primary 
irritation is sufficient to produce a great effect. The muscles 
contain energy stored up in themselves, and the nerve may 
be regarded as the liberator of the energy. In like manner, 
the bi'ain and nervous centos generally may be regarded as 
stores of energy, which we have obtained from food, and the 
action of the nerves is to set up changes in these parts, so 
that energy is set free. The energy thus set free may be 
manifested in varioxis ways, as we have seem 

We next pass on to consider the ne^rve centres. These are 
. made up of nerve cells and nerve fibres. I have ali'eady 
said enough about nerve fibres. Nerve cells are of many 
kinds. They are microscopic ia size, and they present 
many varied forms. I exhibit one oi I)r. Allen Thom- 
son’s diagrams, and you see a vertical section of the grey 
matter on the surface of the brain. In this matter, 
observe the peculiarly formed nerve ceUs. Each of these 
nerve cells has minute processes or poles proceeding from 
it, and each pole is connected either with a similar pole from 
another nerve cell, or with the axis cylinder of a nerve. 

You can trace, as I have said before, the axis-rod rnto con- 

A 2i 
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nectioa with these cells. You see in this diagram two or 
three yeiy lai’ge cells of quite a different form, such you 
might obtain from the grey matter in the centre of 
spinal cord of an ox or any large animal. A single nerve 
cell, with two poles or processes, may he regarded as the 
simplest kind of nerve centre. 



jPig 6 .— Tarious Kinds of Nerve Oelds. a, MuUipolar^ from grey 
matter of the spinal cord; 6, d, bipolar, from ganglion on pos- 
terior' roots of spinal nerves; c, g, unipolar, from cerehellana; 
g shows indications of a process coming off at lower end; e, union 
of three multipolar cells m spinal cord; /, union of three tripoUr 
ceils in grey matter of cerebral hemispheres. 


In discussing the physiology of the centres, I wish to 

proceed according to the same 
plm as Dr. Allen Thomson, 
who passed from the simpler 
to the more complex forms. 
Probably the simplest nerv- 
ous mechanism we can con- 
ceive consists of a cell and 
two fibres. In this diagram, 
you have a large cell, and 
attached to this cell you have 
a fibre conveying an impulse 
inwards.' This fibre I have 



ly; — Diagram showing- simple coloured red, and the direo 
reflex arrangement. M, muscle; tion of the impulse is indi- 
SX skin. cated. l^y an arrow. When 


.the. influence : reaches this cell, a change occurs in it 
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•\vhioIi results in the transmission along the other fibre of 
an impression outwards, and when this impression reaches 
a muscle it excites a conti’aotion. This is an automatic 
arrangement, and is usually termed a action. Touch 
the skin of an animal of a very humble foim, and immo > 
diately you have a contraction. To aid the mind in under- 
standing the mechanism, examine the diagram again. The 
impulse travels along the red fibre (from S K), and comes 
out at a blue fibre (towui-ds M). The I’ed is the sensory 
nerve carrying impressions inwards, and the blue one is a 
motor nerve carrying impressions outwards. The term 
I'eflex was fii'st given to an automatic nervous action by Dr, 
Mai'shall Hall, but I think it is a very unfortunate one. 
Keflex, of coui’se, gives one the idea of something reflected 
— some kind of influence 2 ^assing into a centre, and then 
thi’own out from the centre, just as a ray of light atiiking* 
upon a surface would be reflected from that siuface. . I do 
not think tliat is the kind of action. Instead of having it 
arranged as in that diagram, you may imagine, for instance, 
the cell to be jflaced in the length of the nerve fibre. 
Yon may have a fibre, for example, as represented in this 
dra^ving, and a cell in the centre of the fibre. When you irri- 
tate the one end of the fibre, the impression would travel along 
bo the cell, through the cell, and along the fibre again. This 
cell might have had thi^ee pi'oceases instead of two, and in 
that case the cell would distribute the inflTience which it 
received from the first fi.bre. Supjiose, for example, the 
cell (fig. 7) had another fibre passing upwards. The impulse 
coming in at the red or sensory fibre might then be 2 )ai*tly 
T sent to the muscle along the motor fibre, or sent away 
uj) wards to another cell, jierhajis in the brain. Nerve cells, 
then, may bo regarded as arrangements for generating or for 
reinforcing the nerve current. Sii}ipos0 1 take this galvanic 
cell and charge it with acid, and then , cany the electric 
current along wires to an electrical engine, so as to make it 
work If I place another cell in the circuit somewhere, th^ 
second cell will strengthen the cuireiit, and the engine will 
of coui’se work faster. 

Now, in the cose of a nervous mechanism, the change 
which would take place in cell a when the end of the fibre 
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passing to it was irritated might be transmitted to cell 5, 
which would reinforce the effect, so that you would produce 
a much greater effect by such a mechanism of two or mj^re 
cells than by one only. Thpa a simple reflex mechanism 
may become much more complex. For instance, we may 
have several fibres, instead of one fibre, passing to the cell ; 
or, instead of one cell, we may have half-a-dozen cells all 
grouped together and connected with various fibres. Thus 
we would have what we might call a coni'plex reflex meelicm- 
ism. Again, on tracing the clevelojDment in the higher forms 
of life, we find that there is a tendency, .to what may be 
called a grouping of reflex centres. In the humbler forms 
of animal life, we have probably refiex centres here and 
there throughout the organism, but by-and-by you have 
them clustered together into masses. That is very well 
.seen in the nervous system of an insect. In it you have- 
certain larger masses; one, for instance, in the head, 
which is essentially connected with the organs of sense. 
Again, in the thorax and abdomen, we find other groups 
of refiex centres massed together so as to form ganglia. 
This tendency to aggregation becomes more and more 
marked as we ascend in the scale of animal life, until we 
find its highest development in the cei'ebro-spinal system 
of man. 

The spinal cord is to be regarded in two aspects ; as a 
conductor, and as a reflex centre. In the first place, the 
outer part of it consists of nerve fibres. The anterior part 
consists of fibres which carry impressions downwards from 
the brain to the muscles. The posterior part consists 
of fibres which carry impressions upwards from the peri- , 
phery of the body to the brain, or. to the grey matter of 
the cord itself. You see in the transvei'se section, in the 
lower part of this diagram, the grey matter in the centre 
of the cord, which contains numerous nerve cells. This 
grey matter in th6 centre of the cord may be regarded as 
consisting of numerous reflex centres — centres connected 
with various movements of the limbs and of other parts of 
the body. Heflex movements are not usually associated 
with consciousness ; they are merely automatic. The mole- 
cular change, or whatever it may be, which occurs in the 
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nerve cell never reachea that state of activity wMcli results 
in consciousness or sensation. 

In studying reflex mechanism in animals and also in man 
we sometimes observe that there is what we may call a diffu 
sion of reflex movements ; that is to say, if you set up an 
irritation m a lower reflex centre, this irritatioii may pass 
to other centres, and consequently give rise to more general 
diffuse movements. 

This may he illustrated by reference to the diagram, fig. 9, 
p. 29. Here we have a lower refiex centre (1), say in the 
spinal cord, connected by two nerves with muscle M and skin 
8K. On irritating the skin, the influence may affect only 
one muscle or group of muscles, or it may be partly diffused 
or ti'ansmitted to a higher centre (2), so as to call into action 
other groups of muscles. Still higher centres may also be 
involved, so that the contraction of many muscles may be 
the result of an irritation applied to the skin. 

I may be allowed here to refer to a practical question with 
regard to reflex movements. I have noticed recently in our 
newspapers that a discussion has taken place in regard to a 
very impoiiant subject, and one which is somewhat dis- 
agreeable in its details — the modes which we adopt of killing 
animals. I have noticed that it has been objected to one of 
these modes that violent convulsive movements took place, 
when, aftei* the animal had been felled, a cane was thrust 
into the spinal inaiTow; and in some of the' letters it has 
been assumed that these movements imjflied consciousness— 
that is to say, that the creature was actually conscious of 
pain at the time it made these movements. In the particular 
method I refer to, after the animal is knocked down with 
one blow, a rod or cane is pushed into the medulla and 
the spinal cord. That, of coui’se, is done with the view 
of completely destroying the animal’s power of feeling 
pain, although I believe consciousness will be entirely 
abolished by the blow alone. But that is precisely the 
land of procedure that would create the violent convulsive 
movements which have been referred to. If you pass a 
rod or wire into the spinal cord of the animal which has 
been killed, you will excite violent spasms. ' But these 
spasms are no indication of consciousness ; they are simply 
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tbe result of intense discharges of nerve-energy from the 
mritated cord, violently excited by the passing of the wire or 
other substance into the interior of the spinal canal in 
connection with the matter, let me remark, that everything 
possible should be done to prevent pain in the killing of 
animals. What physicians and surgeons and physiologists 
have to fight against is pain of every kind, whether occurring 
in man or in any living creature however humble. There- 
fore we shoxild direct om thoughts carefully and attentively 
to devise those methods which may be best suited for sud- 
denly depriving the creature of life, if we hold that we are 
warranted in depriving it of life to meet our necessities. 

To return to our proper subject, let me now direct your 
attention to a higher stage in the scale of nervous action, 
and to study what is known of sensation. All the arrange- 
ments I have up to this time described may be quite ruiasso- 
oiated with sensation, and usually are so. They may occui', 
of course, along with sensation, but sensation is not neces- 
sarily involved. Leb me explain this by taking an example. 
Suppose you see a child sound asleep. In profound sleep, 
the person is in a state of absolute unconsciousness. Imagine 
that he is in such an imconscious state; tlaat there are 
even no dreams. If you tickle the sole of the foot or 
touch it, the foot is drawn away, the body may be tmmed 
over, and numerous movements may occur. These are reflex 
movements, imassociated with consciousness. Suppose you 
tickle the sole of the foot of a man who has met with an 
injury to his spine, which deprives him of the power of 
voluntary movement, and that even then some movements 
occur, these movements ai^e, in the circumstances, beyond • 
,the control of the person to resist them. He does not 
feel that you touolied the sole of his foot, and still the move- 
ments occur. We know, from what I have said before, that 
these movements depend on reflex centres in the, spinal 
coi'd. But now, go a step higher, and we come to certain 
centres which are connected with sensation — with a feeling 
which may be of pleasixre or of pain. I must here define 
what I mean by a sensation, because I find in many books — 
more especially in some poptilar books — that the term is 
used in an exceedingly loose way. Some writera, for instance, 
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in speaking of the action of a reflex centre, which I have just’ 
been describing, ■would use the term in this way A sensory 
carries an impression to the centre ; in the centre a sen- 
nation occurs — and the result is something transmitted along 
the motor nerve, causing motion. To apply the term sensa- 
tion to such a change in a nerve centre is not correct. A sen- 
sation must be associated ■with a conscious state, or rather, it 
is a conscious state; we can have no sensation unless we are, 
iis it wei’e, conscious of the sensation. It is the comcioibsnesH 
o f an impression : it is a conscious condition, resulting from 
some kind of irritation applied to the periphery of the body, 
and of some subsequent changes occurring in the brain. 
But what is the mechanism of a sensation ? What arrange- 
ments in the body ai'e necessary for it ? They appear to be 
three in number. Firsts we must have what we call a ter- 
minal apparatus for receiving an external stimulus ; second^ 
we must have a nerve for conveying the change thus pro- 
duced ; and third, we must have a sentient brain to receive 
the message. We can illustrate this . by what occurs in the 
process by which we become conscious of light. Light out- 
side of us may be regarded as a movement, just as sound is 
a movement, and when it acts on the retina of the eye, it 
excites there some kind of activity ; this activity irritates 
the extremities of the optic nerve ; the impression is carried 
to the brain, and we become conscious of the impression. 
That is a sensation of light. Imagine a person sound asleep. 
Gently open the eye and put a light before it. The nervous 
apparatus will then act, no doubt, but the effect on the brain 
is not perceived. Whatiever chtinge may occur in the brain 
^ ill these circumstances, it really does not rise to the condition 
of what we may call a luminous impression. Thus, even 
with a light before the eye, the sleeping person does not see. 
The same is true with regard to all the other senses. 

Each sense has its own terminal organ, and that terminal 
organ is specially fitted for the reception of a particular kind 
of external stimulus. By means of our senses we thus derive 
information regarding the ex'fcemal world. Ou^tside of us 
there are various movements — the movements of sound, the 
movements of light, molecular movements, and those delicate 
movements which result in what we call chemical change. 
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We Imve terminal organs specially fitted for the reception of 
most of these moreinents. When the nervous apparatus 
works, these movements become transformed in our con- 
sciousness into sensations. For example, the retina is^a 
structure no doubt specially arranged for being acted upon 
by light. Some recent interesting observations by Boll and 
Kuhne have shown that the action of light upon it is some 
thing veiy analogous to what happens when light acts upor 
a sensitive photogi'aphic plate, j^ain, in the case of sound 
we have in the ear a special terminal apparatus for vibra 
tions of sound. Thus the movements ultimately ii'ritate th( 
auditoiy nerve, and the impz'ession is a sensation of sound 
The necessity of a terminal apparatus does not seem at firs 
very evident.^ You say, Why should not the external energy 
or whatever it is, act directly on the end of the nerve ? bu 
physiology has shown us that it does not afiect the nerve a 
all. A terminal organ seems to be absolutely necessary 
Thus, there is on the retina of the eye a spot which i 
not sensitive to light. It has been long known as th- 
blind spot. It is the paH where the fibres of the opti 
nerve are bare — that is, where there is no ’proper retina 
stmctxme. ^ Consequently, the fibres of the optic nerve 
to^ be excited by light, must be excited through the tei 
mmal organ. The same is no doubt true of tbe othe 
senses. These nerves which carry impressions of light c 
sound, of taste, of touch, are usually termed nerves^ c 
»2)ecud sensibility; and the reason is, that in wliatever wa 
you irritate one of these nerves of special sensibility, vo^ 
^ways produce the same ’kind of effect. Thus, when yo 
imtate the optic neiwe by pressure, by an electric curren- 

T chemically, or by cutting it, th 

efiect ts always a kcminous mpressioTi. That depends uno 

^ laid down: tlie result is owL 

the optic neiwe, and when it reaches the brain, it thei 

’’i' • 
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of sonjo of its ■wants, and conscious also of what yon might 
call feelings of the body — impressions transmitted from 
vgrious organs, which give rise to a sense of satisfaction or 
of the reverse. This animal might also be capable of moving, 
it might have an electrical organ, or it might have secre- 
tory organs, hut still there might be nothing of the nature of 
an emotion, except it might be a feeling of pain or of pleasure. 
l3ut such a creature might have no ideas or thoughts, or 
power of restraint or of volition Therefore, as we rise higher 
in the scale, we come to a still more complex nervous arrange- 
ment, namely, one for regulating the other centres. One 
of the most interesting steps in modem physiology has 
been, I think, the discovery that certain neiwes, instead of 
stimulating to contraction, have the reverse effect ; that is 
to say, they stop contraction. This was first discovered in 
the case of the heart by Weber, a German physiologist. It 
was well known that the heart of some animals, say the 
frog, will pulsate for a considerable time after it has been 
removed fi’om the body, and that these pxxlsations go on in 
consequence of the heart having little nerve centres of 
its own. The heart of the frog and of the higher animals, 
however, is supplied by two gimt nerves, which connect 
these intrinsic centres with the cerebro-spinal system. Both 
of these nerves come from the medulla, the upper part of the 
spinal cord. Weber's discovery was this — if you iiTitate in 
the nock the gi'e^^t nerve called the pneumogastric or vagus, 
the heart beats more slowly, or it may stop its contractions. 
Fibres of this nerve find their way to the heart. Now, 
observe that you hav.e not caused a spasmodic contraction on 
, stimulating the nerve, but the very reverse. If the nerve 
be cut, and the lower part irritat^ very gently, the. hea^ 
will move more slowly j remove the irritation and it ■will 
go on as before. The heart is thus under two nervous influ- 
ences. One goes along the pneumogastric, causing it •to go 
slowly; the other along the sympathetic, causing it to go 
faster. The heart is spurred on by the one and restrained by 
the other. It has recently been shown, moreover, that in the 
heart itself we have a centre which also restrains its activity. 
Such nerves or nerve centres as restrain the activity of 
other nerves or of other nerve centres, are called inJiibitory. 
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In tie accompanying figime (fig. 8), showing the nervous 
mecSaniflin of the heart, the 
ganglion connected with the 
sympathetic is marked A, that 
in connection with the pneumo- 
gastric (inhibitory) I, and the 
tMrd, controlled by the other 
two, It. 

Regarding the mechanism of 
inhibition we know nothing de- 
finite. It is possible that the 
effect may be the result of 
throwing in some kind of resist- 
ance at the refiles: centre, so as 
to prevent it working quickly, 
or perhaps the nervous arrange- 
ments are such that there may 
be some kind of short circuit- 
ing of the nervous currents; in 
other words, a mechanism by 
which it is possible to carry 
away the ordinary current 
which keeps up the activity of 
the heart. Such on arrange- 
Fig. 8.— Diagram SHOWING Ab- ment of sending the current 
RANGHMENT OE Hmt along another channel would 

^trlX^oelerat^oento Prevent tie heart from work- 
connected with sympathetic rng, and cause it to stop. There 
through spinal cordj B, re- are many other examples oi 
flex centre. inhibition, some of a most inte- 

resting character. I may be allowed to refer to one 
other, which will show the wonderful influence which the 
nervous system has upon all our functions. I show you 
an apparatus which is tutended to iUustrate some facts 
regarding the circulation of the blood. It consists of twc 
glass cylinders, placed vertically, and communicating witli 
each olher by a hoiizontal glass tube. Let the, one vertical 
tube represent the arterial system and the other the venous, 
and let the horizontal tube represent the system of capillarief 
which connects the end of the arteries with the commence 
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ment of tlie veins. Suppose now tLat by means of tHs 
syringe or pump, •which may regarded as the heart, I force 
w^^ter into the arterial system; you •will observe that the 
pressure is at once increased in this system, so as to be greater 
than in the venous system, but that the two soon become 
equal by the fluid in the arterial system emptying itself in-to 
the venous. This is exactly what is the state of matters in 
the Imng body. When the heart contracts, it throws blood 
into the aitevial system, and consequently the pressure is 
much greater in the arteries than in the veins. The arteries, 
however, empty themselves into the veins through the 
capillaries; and if the heai’t did not again contract, the 
pressui’e in the arterial and venous systems would be equal- 
ised, and the cii'culation woidd stop. In some circumstances, 
the arterial circulation may he such that the heart must 
overcome a great resistance in forcing the fluid onwards. 
Suppose, for instance, you had a contractile structure, or 
pump, forcing the water through the streets of a to'wn, and 
that from some cause or other the pipes became very much 
contracted in some parts of the town, so as to offer great 
resistance to the force of the pump; the I'esistance might 
become so great that the pump would be unable to drive the 
fluid onwards, and the pump itself might, in its attempts to 
overcome the resistance, be permanently injured. What 
naturally would suggest itself to the mind of an en^eer? 
He would remove the resistance by widening the pipes at 
■the con'ti'acted portion. We 'have somewhat analogous 
arrangemen'ts in the body. The blood-vessels are under the 
conti^ol of a system of nerve filaments in the spnpathetic, 
termed 'vaso-motor^ by the action of which on their muscular 
walls the calibre of the vessels is regulated. These vaso- 
motor fibres originate in the medulla oblongata at the base of 
the brain, from a spot termed the vaso-motor centre. It has 
recently been shown that the action of this centre may be 
inhibited (or partially thrown out of gear, as it. were), by 
the action of a set of filaments in the pneumogastric, which, 
cany impressions upwards from the heart to the brain. 
These filaments, in some animals, form a slender nerve, dis- 
tinct from the pneumogastric below a cei'tain point, now 
called the depressor nerve (see fig, 8). The action of this 
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nerve is probablv as Mows; Suppose, for example, that th 
LaUer arteries througbout the body were in a state of auo. 
contractioa that the blood could not pasa- quickly throuj. 
them- In these circumSUuces, the large vessels woul 
become distended, the tension of the blood on their wall 
increased, and the heart would have to labour hard to fore 
the blood onwards. When this condition occurs, an influeno 
maybe sent from the heart, along the nerve, t 

the vas(h7iiotoT centre in the medulla, the effect of which i 
to inhibit this centre. The instant the centre is iuhibite 
the smaller blood-vessels relax, the blood flows more freel 
throu<'h them, the tension or pressure m the larger vessel 
is dii^ished, and the heart, having less resistance in from 
works more easily. Thus we must regal’d the blood-vessel 
as a system of h-ring tubes, subject to such influences of th 
nervous system as the requii-ements of the tissues and of th 

heart demELrid. » t i 

Manj other examples of inhibition imght be given. Thei 
may be unconscious or conscious inhibition. ^ The inhibitio 
acting on the heart, for instance, is unassociated with coi 
sciousness. We ai-e not conscious of any such mechanism e 
X have just described. But in rare circumstances, I believi 
we may be conscious of it. There was a physiologist i 
Gfermany, named Czermak, who died some yeara ago, an 
who could compress the pnenmpgasfcric in his neck. H 
noticed that when he did so the heart beat more slowly, an 
he had a feeling of intense constriction in the region of th 
heart. He said it was precisely the same kind of feeling < 
constidction which we sometimes experience along with 
great grief, and this may explain to us how it is that 6m( 
tional states of our higher centres, acting downwards, ma 
influence the heart directly. So that the popular notion ( 
emotional states acting directly on the heart is physiologictill 


Another step in the development of the nervous systei 
is the setting aside of centres having functions necessar 
for life, such as to carry on the mechanism of respiration an 
the process of swallowing. These great centres are situate 
in the medulla oblongata- You will see them represented i 
the following diagrauL Some of the nerves connected wit 
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these centres are distributed i 
and vessels, and some to the 
digestive organs. All these 
arrangements are for the 
purpose of effecting reflex 
movements, of which we may 
or may not be conscious, but 
which we cannot restrain* 
Thus we cannot restrain 
breathing for almost any 
time; the desire to breathe 
becomes unconquerable. So 
with regal'd to the calibre of 
vessels, and consequently the 
distribution of blood; and 
also with regal'd to swallow- 
ing, and the movements of 
tiie digestive organa The 
medulla ohlongata is often 
spoken of by French physi- 
ologists as a mtal paH, the 
noeud vital. They imagined 
that at this point life existed 
more than at any other pai’t 
of the body. That is not the 
true way to put it If we 
destroy this part of the ner- 
voi^ system we destroy life, 
in consequence of these great 
» functions necessary to life 
being at once stopped, but 
vitality is not greater at that 
part than at any other. 

The exact position of the 
centres indicated in the dia- 
gram, fig. 9, may be seen in 
fig. 10. 

We have now supposed 
these centres added to 
other centres, until the 


the lungs, some to the heai't 



Tig. 9. — Diagram showing vari- 
ous KINDS or Nervous Aotionr. 

M, muscle ; SK, skin ; E.EF, 
reflex centre ; INH, inhihitory « 
centre ; MOT, motor centre ; 
G.SE, centre of general sensa- 
tion; S.SE, cenlre of special 
sensation; S.EQ, sense of equi- 
librium; VOL, vohtional centre; 
EM, emotional centre; ID, idea- 
tional centre; EY, eye; EA, ear; 
TA taste; SM, smell; V, vessel; 

G, gland; H&V, heart and ves- 
sels. Tile arrows indicate the 
direction of the currents. ^ By 
following the directions indi- 
cated by the arrows, the influ- 
ence of one centre over another 
may be studied. 
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meclianifim becomes Tery complex. Imagine, further, that 
a creature has many muscles for moving different organs, 
and that these muscles are more or less connected together 
by reflex centres, vnll see at once the necessily 

for what we may call the co- 
ordinating system. This co- 
ordinating system exists in the 
lower brain or cerebellum 
marked with the letters CO 
(fig. 10). Let me explain what 
I mean by co-ordinating. For 
instance, if I lift this match- 
box by finger and thumb, 
and flex ,my aim, I have 
caused a number of muscles to 
conti’act more or less. These 
contractions have- had to be 
precisely regulated with regard 
to each other so as to produce 
this definite effect, but I do aU 
this unconsciously. Influences 
are sent out along many neiwes 
to these different muscles, and 
the result is a co-ordinating 
movement This co-ordination 
of movement is cairied on to a 
much larger extent, of course, 
in pla^g or using a dif- 
ficult instrument, as in 'tlie 
movements of the hand of a 
performer on a piano. The 
movements of the muscles re- 
quire to be co-ordinated. This 
is accomplished pi'incipaUy by 
Manv V. -u ' agency of the cerehdhm. 

™Portaiit, perhaps, is that which 

rSved cerebeHum has been 

• There is no loss of consciousness. It is able to 



-niiunr 

MUSCLE. 


Fig. 10. — Diagram; OP Cbre- 
DRo-SriHAL Axis, showing 
position of various centres. 
CO, co-ordinating; SL, sense 
of light; S, sensory; MOT, 
motor; SEK, sensory; EM, 
^OL, volitional; 
JD-MO, ideo-inotor ; arrows 
indicate direction of onrrent. 
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tako its food; all its senses are intact; but it is unable to 
fly and unable to walk— not because it is paralysed, but 
because it is incapable of regulating its moyements in a 
definite way. When it attempts to flap botb wings, it may 
move one wing inwards and the other outwards; it does not 
co-ordinate -^e movements, so as to produce the desired 
effect. 



Fig, 11 . — Pigeon, in wMch the Cerebellum has been injured or 
removed. 

We pass upwards to the higher centres in the brain, and 
finally to the brain itself. There are the corpora striata, 
specially connected with movement, any inji^ to which will 
cause loss of movement on the opposite aide of the body. 
The reason why the effect is on the opposite side is illus- 
trated by Dr. Allen Thomson, as you see in the diagram, 
where you observe the motor fibres crossing at the top of the 
cord. The optic thalanii are not connected with the sense 
^ of vision, as was afc one time supposed, but are centres for 
receiving sensory impressions passing upwards. These sen- 
sory impressions may pass beyond these into cerebral centres, 
where I believe consciousness actually occurs. Behmd the 
optic thalami we have the optic lobes , which receive the 
fibres of the optic nerves. The optic lobes act as reflex 
centres connected with sight. In illustration of this, I might 
take a phenomenon which may sometnnes be seen in a person 

* The paiijs termed optic lobes ore in the higher forms of brain 
subdivided still fiuther ; each lobe is divided into two, and the four 
bodies thus formed have been called corpora quadrigemina. 
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state. In tHs condition, tlie eyes o: 
a somnambn^ta^s unconscious o> 

the dream. If, in these ciroumstanc^ 

IS wrapped p the eye, the person, does not piisL 

S to u“it. Hfaioi* to light H. mo™ 
^ if he we actually conscious of the move- 

iU * riaWn by light Lms to excite a move 
L+*nnconsciously, and a moyement is therefore made tc 
“ oid the Ught. Here the optic lobes probably act simply 
51 automatic reflex: centres. 

The cerebral hemispheres consist of a layer of gi-ey mattei 
over white matter in the centre. The groy matter is raised 

in conyolutiona, ^ ^ , 

Flourens and the older ohseinrers were aware of the fact, 
that as successive sUces of gi-ey matter were removed from 
the em.’faoe of the cerebrum, an animal become,? more and 
more dull and stupid, until at last all indications of percep- 
tion and voKtion disappear. A pigeon in this condition, as 
depicted in fig. 12, if carefully fed, may live for many 



12. Pigeon, in which the Cerebrum, has been injured or 

removed. 

months. The following description, given by Dalton, is so 
accurate as to merit quotation; — “The effect of this mutila- 
tion is simply to plunge the animal into a state of profouml 
stupor, in which it is Smost enth;ely inattentive to suiTound- 
mg objects. The bird remains sitting motionless upon his 
perch, or standing upon the ground, with tlie eyes closed, 
^ and the head sunk upon the shoulders. The plumage is 
smooth and glossy, but is uniformly expanded by a kind of 
erection of tiie feathers, so that the body appearis somewhat 
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puffed out and larger than usual. 'Occasionally the bird 
opens its eyes with a vacant stare, stretches its neck, per- 
haps shakes its bill once or twice, or smoothes down the 
feathei'S upon its shoulders, and then relapses into its former 
apathetic condition.” Similar observations have also been 
made on reptiles and mammals, but the latter survive the 
opemtion for a compamtively short time. In watching such 
jin animal, it is difficult to divest one’s mind of the idea that 
it still feels, and hears, and sees. It may be observed, how- 
ever, that it makes no movement unless stimulated from 
without. Thus, it may remain motionless for many hours; 
but, if pushed, or even gently touched, it will then move. 
It manifests no fear even when placed in circumstances 
likely to excite it, and it will walk over the edge of a table, 
or into the fire, quite regardless of consequences. There is 
thus no proof that it exi^enenoes any sensation in the sense 
of consciousness of impressions; or, in other words, there is 
no perception. As well remarked by Michael Foster: 
image, whether pleasant or terrible, whether of food or of an 
enemy, produces any effect on it, other than that of an object 
reflecting more or less light. And, though the plaintive 
character of the cry which it gives forth when pinched, sug- 
gests to the observer the existence of passion, it is probable 
that this is a wrong interpretation of a vocal action ; the cry 
appears plaintive, simply because, in consquence of the com- 
pleteness of the reflex nervous machinery, and the absence 
of the usual restraints, it is prolonged. The animal is able 
to execute all its ordinary bodily movements, but in its per- 
formances nothing is ever seen to indicate the retention of 
t an educated intelligence.” 

The method of removing a portion of the brain is open to 
many objections, the chief of which is, that the severity of 
the operation and the loss of blood may cause such a state 
of shook, as to vitiate any inferences that might be' di'awn 
from the facts recorded. A new method, however, has been 
devised, namely, that of stimulating the nervous centres by 
electricity, and observing the results. 

It was supposed by the older physiologists, that the whole 
ot this great mass of brain matter was connected with what 
we may term Tuentcd ’ph&^ioni&na/^ and had nobbing to do with 
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•motor Dhenomena. But recently some observations have been 
made which would appear to indicate that certain parts of 
the <n«v matter on the ernface of the brain are connectal 
vrith motion. During the Branco-Prussian war, a PrenA 
soldier had the misfortune to have a portion of brain 
exposed and two German surgeons, Pritsch and Hitzig, 
had occasion to stimulate the surface of the brain feebly 
with an electric current. It was supposed, up to this time, 
that tlie siuface of tiie brain was quite insensitive to a cur- 
rent of electiicity, but these surgeons observed a movement 
of the eyeballs. That was the beginning of an important 
research cai'iied on by Fritsch and Hitzig in Germany, and 
by Dr. Ferrier in liondon, which has given us a vast number 
of facts regarding the functions of the grey matter over the 
central re^on of the bmin. If the grey matter in the cen- 
tral re^don of the brain be irritated at certain points with a 
feeble current of electricity, the result is a definite movement 
of some paiij of the body. For instance, Dr. Ferrier found 
that when he touched a particular part, the right fore-limb 
was extended; when he touched another part, the left fore- 
limb; another part, the right hind-foot, and so on, as if there 
were a number of centres definitely an’anged for these move- 
ments. Dr. Ferrier called these centres idio-motor centres, 
supposing that they had probably to do with what we may 
call an idea which results in a movement. I am inclined to 
think that many of the movements observed by these physi- 
ologists are re^y of a refiex character, that is to say, when 
you irritate an area of grey matter on the surface of the 
brain, impressions are carried down to a motor centre, per- 
haps in the corpus striatum. That is a matter, however, 
upon which I have not time to dilate. If you irritate the 
anterior part of the brain, as has been pointed out by various 
physiologists, you tend to resttain reflex movements, which 
have their centres in the spina], cord. I am quite sure, from 
my own observation, that that is the case. If you irritate this 
part of the brain, some reflex movements may be restrained or 
interrupted. Thus the anterior part of the cerebral convolu- 
tions may be supposed to contain inhibitory centres, which 
may act either on the motor centres in the middle region of 
the brain, or on the motor centres in the cord. The hack 
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part of the brain ie, I believe, principally for sensation. 1 
have put in here also in the diagram, fig. 10, the emotional 
dbntres. Some have imagined that emotional impressions 
may result from activity in the ganglia at the base of the 
brain. I think the evidence in support of that statement is 
very insufficient. 

Such, then, is what I may call the general mechanism of the 
nervous system. You will understand it better, perhaps, by 
referring again to the diagram (fig. 9), in which the arrows 
represent the direction of the nervous currents. Here first 
ai'e the lower reflex centres (1 and 2). These may act upon 
the higher reflex centres. If an influence travel up to a 
higher centre we have a general Sensation. This sensation, 
which may occur in an animal low in the scale, may act on 
motor centres, and these motor centres may cause muscles to 
work. I have introduced here an inhibitory centre, which 
might restrain the activity of the motor centre. Then we 
have the emotional centre, which might receive influences 
from a centre of special sensation, or from a centre of general 
sensation. Highest of all, we have the volitional centres 
and ideational centres. 

I have now got to the end of my subject. I should like 
to show one experiment which may illustrate to you what 
might possibly be the kind of action which takes place in 
some, nervous arrangements. It is very remarkable that 
a, very feeble stimidus originated in the brain, is q[uite 
sufficient to produce very powerful qDasmodic effects. A 
man wills to perform certain movements, and instantly you 
have a number of muscles acting together. You can scarcely 
« imagine that energy exciting all these movements really 
originates in a particular part of the brain, and is the same 
energy which carries it to a termination. I have often 
thought it not at aU improbable, that in nervous mechanisms, 
we may have something of the nature of what a practical 
electrician would term a system of relays. That is to say, 
you can have a feeble current of electricity — rendered feeble 
by passing along a distance — too weak to work a machine, 
but quite sufficient to close a local circuit, getting new force 
from local cells, and thus carrying the current onwards. If 
that arrangement does not exi^ in the nervous system, then 
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another method might be adopted. The same current might 
be sent alternately in diSerent directions, and caused to do 
different kinds of work. That I have spoken of already. 
Here I have fitted up an experiment -winch suggests, as it 
“were, what I mean. I have here a current of electricity pass- 
ing into an arrangement by which I can send it to work an 
electro-magnetic engine, or to work two tuning-forks, or to 
cause a telephone to sound loudly, and, if the curi'ent were 
strong enough, it might produce light. That expeiiment 
shows how one may have many different effects produced by 
one current. 

The last j)oiiit I wish to refer fo is with regard to 
■fche question of the connection between mental phenomena 
generally and activity of brain. On the one side we 
liave imdoubtedly the fact of the dependence of mental 
phenomena on brain: That is generally admitted. Assum- 
ing that this is the case, we know that if we interfere in any 
■way with the brain, we interfei'e with the mental state of 
the person. This is illustrated by the very well-known and 
sad facts of insanity. At one time insanity was supposed to 
be a diseased mental state. In one sense it isj but we 
Icnow perfectly well that it is algo a bodily disease ; and I 
would take this opportunity, as I have often done before, of 
IDressing this aspect of the subject upon the public. It is 
mow generally admitted by all well-informed persons, although 
•there still lingers a superstitious notion that insanity 
is something different from a bodily affection. When 
■this view held gi'ound — that insanity was merely a mental 
state, not connected with the body — it led, as many of you 
Icnow, to very wrong systems of treatment of the imfortunate 
inaane. But when men found out that there can he no 
form of insanity without some kind of disorganization — some 
morbid change or other in the grey matter of the surface of 
the biuin — then there was a guide to the treatment of such 
cases, in the direction likely to cure the sufferer. 

Bor instance, we at one time supposed that notliing morbid 
was discovered in the brain of the insane ; but histological 
examination has shown us that traces of some change or other 
are always to be found. The whole of this subject is by no 
means worked out. It is indeed still in its very infancy ; 
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bat we hare qaite enougb evidence to go upon to satisfy us 
that in insanity we bave to deal with a bodily disease j and 
CQjisequently all tbe efforts of brnnane physicia ns engaged 
in tbe treatment of the insane are directed towards placing 
them in as favourable a condition as they possibly can be 
for recovery. They treat them upon the same general 
principles as they would attempt to treat disease in any 
other organ of tbe body. 

Another proof of the fact that mental phenomena depend 
on the brain, is found in what we notice with regard to 
nutiition. If we interfere in any way with the quality of 
the blood going to the brain, the effect is apparent. We 
know, for instance, that the introduction of alcohol into the 
blood produces a most marked change. If you can imagine 
a person under the influence of alcohol, in a state of intoxi- 
cation, and that condition to be permanent, you would justly 
regard that person as in an insane state ; that is to say, the 
activities of the brain are altered by the introduction of this 
matter into the system. The reason why I allude to this is 
to show how intimately mental states depend upon states of 
blood and brain. We must all think of mental states as 
depending mainly upon brain and on blood — the kind and 
quality of blood, and the arrangement for getting rid of the 
waste products of the brain, so as to facilitate those .chemical 
changes which result in brain activity. On the other hand, 
we have many phenomena connected with mental activity 
which at present have no physiological explanation. Such 
ai*e the phenomena of the emotional states, and the facts 
of memory and of intellectual action. We simply know 
that these states are connected with a particxilar paid; of 
*' the brain, but we have no knowledge whatever of the 
changes which result in the part of the brain connected with 
these states. The mechanism is quite unknown ; and I 
believe myself it is veiy likely that it may be for ever 
hidden. It is impossible to bridge across what may be 
regai'ded as the gulf between the objective — the chemical 
and physical operations occurring in the grey matter of 
the brain — and the subjective, or mental states which 
we associate with these. We cannot really think of 
the one, as it were, passing into the other. The mind 
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fails in attempting to grasp the connection between tb' 
two. Suppose, for example, that in the future this ma^ 
be the case — that we had examined every bit of the surfAC' 
of the brain, and knew precisely where every nerve cell wa 
placed, and how these various nerve cells were connecte( 
together ; suppose we knew aU the chemical changes occui 
^ing in this part of the brain, and how the impulse wen 
from nerve cell to nerve cell : would we be any nearer ai 
tmdei’standing of how these actions produced particula 
mental conditions ? I do not see that we could possibly h 
nearer. We would simply he able to say that menta 
conditions were associated with such and such occurrence 
and such and such chemical phenomena. It has alway 
appeared to me that it was useless to require of physiologist 
an explanation of the relation between mind and mattei 
They cannot give it. It is one of the ultimate tiniths ” c 
tbeir science. Nor need it be imagined that this is th 
OTily insoluble problem of physiological science. For exampk 
tbe beginning of life is just as mysterious as its close. Whe: 
we examine an ovum or egg — a minute microscopic particle c 
living matter — ^who can explain by what molecular arrange 
ment it is that it contains all the potentiality of a futm 
being i And if you go to the department of physical o 
cliemical science, you will meet with the same difficulties 
There are ultimate problems in physical and chemical scienc 
which are really just as obscure in many ways as what w 
may call the ultimate problems of physiology. I have offce 
thought that the workings of the brain and other so-calle 
vital phenomena are connected with the very highest prc 
blems of chemistry and of physics. Further, we are ver 
far ffiom having explored its minute anatomy. We kno^ 
absolutely nothing of the chemical changes occurring in th 
brain — and chemical changes are constantly occurring ther 
— ^the co-incident phenomena of which are our states c 
mental activity. There have been many opinions formed b 
th ink ers as to the connection between mind and. brah 
Some have supposed the brain, to he like an instrument pei 
formed upon by some invisible agency; others have conje( 
tirred that you have the two things — brain action and Tnin 
action — going on and working side by side. 
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I thiiik by far the safest view to take of the subject is to 
put it in tids way : In cm.' present phase of existence there 
most intimate connection between mental phenomena and 
physical states of the bimn. You cannot have mental pheno- 
mena, in our present state of existence, without some opera- 
tions occurring in these higheV centres which I have been 
speaking about. That is a totally dhSerent thing, however, 
horn saying that these mental states ai’e .simply the j^roduct 
of these physical operations, and that when these physical 
opemtions cease the mental states cease also. 

In this particular region we pass from the domain' of 
science into the domain of belief, dependant upon another 
kind of evidence. I think that that is the only legit i mate 
way of meeting the great difficulty. We pass from the field 
of science — from what we know or from what we infer from 
certain facts — into what I might call the field of hope and 
faith; not faith simply as blind acceptance of what we bxo 
told, but a faith associated with hope, which is as real as 
if we had a demonstration of facts. 

Apart fi’om these speculations, which will probably be 
repeated in diverse forms by man to the end of time, there are 
certain practical aspects of this subject which I have brought 
imder yoim notice to-night. First of all, we have the general 
fact that mental states are affected by physiological conditions. 
We have our physiological conditions more or less under our 
own control, therefore we have oim mental state moro or less 
under our control. In this way, physiologically, every man 
has the power to make or mar himself. He cannot practise 
any vice, he cannot indulge habitually in anything that 
interferes with the nutrition of the brain, without affecting 
the physical organization of this important part of liis body; 
and when he affects the physical organization of this part, he 
must inevitably affect his mental qualities. That is what 
might he called a very materialistic way of putting it, but I 
think it is trua You cannot possibly affect youi' nervous 
organism without leaving certain impressions upon it which 
will alter you from what you were before. 

The study of nervous physiology also indicates, I think, 
the importiice of training, or developing the ditierent parts 
of the brain. We tiain muscles by exercise, and so we may 
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3 different organs of the brain by proper exercise 
intellectual “work, by strengthening the power of 
and by the regulation of our 'emotions. I think pro- 
3 highest of all our mental states, that which above 
guishes man from the other animals, is what may be 
e poioer of the will, or the exhibition of the faculty 
int. We begin om education really by being taught 
in ourselves. In the same way, as we go through 
are taught to curb our tempers, and to do out' 
n at times when it may be disagreeable to do so. 
re- is a physiological basis for this. That is what 
)articularly tc enforce. If we have special centres 
i vuth restraint, as I have pointed out, it is quite 
hat, by working these centres over and over again, 
(ase their power, and consequently it becomes easier 
1 afterwards to restrain himself than it was at hi’St. 
we go back, with regaid to these matters, to the 
•itten many years ago by the wisest of men : “ He 
bh his .spirit is better than he that taketh a city.” 
olomon's wisdom the worst that could be said of a 
indicating failure and desolation, was, that “Ho 
not rule over his o-wn spfrit, is like a city that is 
nvn, and without walls.” 



^ T iff ^ f ■.I: - 
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IS MM M AUTOMATON? 


Xadies and Gentlemen, — In introducing to you tlie 
aestion -wliicL is to "be tlie subject of my address this 
V’ening — the question, Is Man an Automaton *2 — it is 
eiihaps well that I should define, at the commencement, 
tie sense in which I intend to use these words ; and it will 
le more conyenient to take the second firsb — What do I 
aean by an Automaton ? ,The word automaton is derived 
rom two Greek words, which mean self-moving. Well, of 
course, man is a self-moving being, and in that sense he is 
in automaton. But the word automaton, as we use it, has 
i different signification. It means a structure which moves 
Dy a mechanism, and which can only move in a certain 
vay. I might take as illustrations various automata which 
ure exhibited from time to time — I remember to have seen 
m my boyhood many remarkable collections. But I will 
draw my illustration from this very hall in which we 
met. . The great organ behind me is blown, I understand, 
by water power. You know, I daresay, that formerly j 
organs were blown by manual or human power. The / 
bellows-blower had before him what is called a “ tell-tale,’^ ^ 
a little weight so hung as to indicate the amount of wind in 
the organ; and his business was to work the bellows so as 
xlways to keep the tell-tale ” below a certain point. On 
ihe other hand, by a piece of mechanism constructed for 
■he purpose with a great deal of skill, the organ is now 
flown by water-pressure. The water-pressure so acts, that 
rhen the organist requires a large supply of wind, as when 
Wle is playing loud through a great many pipes, the bellows 
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move faster and supply that "wind ; while, on the other 
hand, when he plays softly, and little wind is required, the 
bellows move more slowly. If that aj^paratus were incased 
in the frame of a human figure, and made to work the 
bellows-handle up and down, we should call it an auto- 
maton. 

^ !N’ow, let us see on what the working of that automaton 
depends. It depends, in the first place, upon its si^j^ucture. 
The mechanist who has constructed that apparatus has sn 
arranged the play of its various parts, that it shall work 
with the power communicated to it, in accordance with the 
organist’s requirements. Then its working depends, upon 
the force supplied by the water-pressure; that force being 
made, by the construction of the machine, to exert itself 
in moving the bellows at the rate determined by the playing 
of the organist. Without a sufficient water-pressure the 
machine will not work ; and when the organist ceas^ to 
touch the keys, the movement of the bellows comes to a 
stand. There you have then a machine which is moved, 
on the one hand, by a certain power, and the action of 
which is regulated by another set of circumstances external 
to itself. How that is, I think, what we mean by an 
automaton — a machine which has within itself the power 
of motion, under conditions fixed for it, but not by it A 
watch, for instance, is an automaton. You wind it up 
and give it the power of movement; while you make it 
regulate itself by its balance, which you can so adjust as to 
make it keep accurate time. Any piece of mechanisni of 
that sort, self-moving and self-regulating, is an automaton. 
But then all these machines are made to answer certain 
purposes, and cannot go beyond. They are entirely de- 
pendent, first, upon their original construction, secondly, 
upon the force which is applied to them, and thirdly, npon 
the conditions under which that force is made to act. The 
question then is, whether Man is a machine of that kind ? — 
his original constitution, derived ffiom his ancestry, in the 
first place, shaping the mechanism of his body ; and in the 
second place, the circumstances acting upon him through the 
whole period of his growth, and modifying the formation of 
his body, also, in the same manner, determining the con- 
stitution of his mind. Are we to regard the whole subse- 



